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> Ir is A COMMON comPLAINT of college students majoring in chemistry that 
most of their freshman year is “wasted” in repeating high school chemistry, 
Their teachers, on the other hand, complain that first year chemistry majors 
are often sadly lacking in the basic fundamentals of their subject. 

This problem is by no means limited to the field of chemistry; the same 
complaints may be heard in any scientific department of a university. What 
is a. done about it? 

The National Science Foundation is particularly concerned, and has granted 
funds to many groups of scientific educators who are working on new courses 
in several fields and at most levels. The following is an extract from an N.S. F. 
report on these projects: 

“A series of grants is enabling a group of college and university chemists 
and high school teachers, organized as the Chemical Bond Approach Com- 
mittee, to devise a high school course using the concept of chemical bonding 
as the central theme. The preliminary version of the textbook, laboratory guide, 
and teacher’s guide is being tested in several schools during the current aca- 
demic year. 

“Through a grant to the Ohio State University another group of chemists 
is planning the organization of a major effort to develop improved high school 
chemistdy courses along somewhat different lines. 

“At the Johns Hopkins University a new freshman chemistry program is 
being developed which includes design of apparatus for relatively sophisticated 
experiments, and films of dynamic lecture demonstrations. 

“Support was granted to State University of lowa for making a film show- 
ing how to prepare new types of models of molecules and crystals and how 
to use them in teaching.” 

We intend, over the next few months, to bring you descriptions of as many 
of these and other independent projects as we can. Our lead today is the first 
such report. 
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> A new introductory chemistry 
course is on trial in several high 
schools and colleges across the coun- 
try. This approach to chemistry orig- 
inated at a conference held in June, 
1957 at Reed College, Portland, Ore 
gon.! Out of this meeting held to 
discuss the relationship between high 
school and college chemistry came the 
suggestion that any beginning course 
should have a clearly recognizable 
central theme and that “chemical 
bonds” was the logical central theme. 
This choice of theme was motivated 
by the observation that it is the chem- 
ical bond which distinguishes chem- 
istry from related disciplines. The 
making and breaking of these links 
between atoms is chemistry. Several 
teachers used the proposed course out- 
line* the following academic year. A 
year later some members of the Wes 
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METALLIC 
leyan Conference* again considered 
the chemical bond approach fruitful 
and recommended that it be tried in 
a larger group of high schools on an 
experimental basis. Continued support 
from the National Science Foundation 
permitted a six-week writing confer- 
ence to be held at Reed College dur 
ing the summer of 1959.4 The seven 
teen full-time participants and eleven 
visitors produced about 1000 pages of 
rough draft material. At the same 
time a further grant was received 
from the National Science Foundation 
for continued production of textual 


1. J. Chem. Ed. 35, 54 (1958). 

2. L. E. Strong and M. K. Wilson, J. 

Chem. Ed. 35, 56 (1958). 

M. G. Burford and H. F. Lewis, J. 

Chem. Ed. 36, 90 (1959). 

. A. H. Livermore and L. E. 
J. Chem. Ed. (in press). 
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material and trial of the program in 
nine high schools. The project is now 
centered at Earlham College and is 
under the direction of L. E. Strong 
(Earlham College), L. B. Clapp 
(Brown University), A. H. Liver- 
more (Reed College), H. A. Neidig 

ania Valley College), and M. K. 
W ilson (Tufts University). At present 
two volumes of textual material com- 
prising nine chapters, the laboratory 
manual for the first semester, and the 
teacher's laboratory guide for the first 
semester have been published by pho- 
tographic offset from typed copy. Ma- 
terial for the second semester labora- 
tory course is at the gees as are the 
next four chapters of the text. The 
final four chapters are in preliminary 
draft. 

In the main the suggestions con- 
tained in the original outline? have 
been incorporated into the course. It 
is assumed that today any student ac- 
cepts the existence of atoms and elec- 
trons and is willing to consider their 
use in expli aining macroscopic prop- 
erties of substances. Therefore, no at- 
tempt is made to give a systematic 
proof for the existence of these enti- 
ties. Throughout the course attention 
is focused upon the physical and 
chemical properties the various types 
of chemical bonds impart to sub- 
stances and, conversely, the possibility 
of inferring the bonding present in 
molecules from the observation of 


physical and chemical properties, 
Chemists deal with aggregates of at- 
oms and the properties of these ag- 
gregates are largely determined by the 
forces between atoms. These forces 
are responsible for the aggregation. 
Fer the purposes of this course, chem- 
ical bonds are divided into three cate- 
gories: covalent, ionic, and metallic, 
Polar covalent bonds are discussed to 
indicate the possibilities intermediate 
between covalent and ionic bonds and 
to emphasize that the three classifica- 
tions are not free from overlap. 

The bonding theme requires the in- 
troduction of considerable material re- 
lated to atomic structure which most 
properly should occur in a_ physics 
course. Since no such prerequisite can 
be assumed, however, atomic orbitals 
and energy levels are discussed early 
and lead into an extensive discussion 
of molecular orbitals and molecular 
geometry. 


Thus, Chapter IV entitled “Elec- 
trons in Orbitals” discusses the masses 
cf atoms, the charge and mass of the 
proton, neutron, and electron, and the 
electron configuration of atoms up to 
calcium. Energy levels are based upon 
ionization energies rather than on 
spectroscopic evidence. 

Chapter VI is concerned with co- 
valently bonded molecules. The fol- 
lowing constitutes the first five sec- 
tions of Chapter VI: 


Chemical Change: Covalent Chemical Bonds 


Chemical Change 

“You have already been shown some 
of the manifestations of changes that 
can occur by physical means. Pow- 
dered sugar and granulated sugar 
have different properties (ask a cook!) 
although one is made from the other 


by a simple physical change (crush- 
ing ). When a glass tumbler is broken, 

e know the pieces are still glass and 
h: ive many of the properties of the 
original gle iss but a physical change 
has occurred and at least one property 
is lost: the tumbler will no longer 
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hold water. Ice, water, and steam are 
manifestations of the same substance, 
H.O, in three different states. Syrup 
is a water solution of the white crys- 
talline substance we call sugar. The 
appearance is quite different but syrup 
and sugar can serve the same purpose 
in many places — to sweeten. 

“Now we ready to study 
changes that a chemist considers to 
be of a more profound nature than 
those just mentioned. You know that 
coal burns, mufflers rust, cider fer- 
ments, paint fades, wood decays and 
that a battery will help to start a car. 
If you were on the inside of any of 
these things what would you see? Un- 
fortunately we can’t answer all these 
questions in this course but we hope 
to arouse your curiosity so that you 
will want to read further to find the 
answers. 


are 


‘The chemist suggests that coal, 
charcoal, coke, graphite, and the dia- 


by symbols: c +. 
by weight: 12 
by name: diamond 

or 


graphite 


When done on quantitative basis, 
as we have learned, the production of 
44 parts by weight of COs for each 
12 parts of carbon would be proof 
that all of the starting substance was 
carbon, once we accept the meaning 
ot the symbols and the equi ation used. 
“If we accept this experimental evi- 
dence, then the difference between 
graphite and diamond must be sought 
in the internal make-up, i.e., structure. 
We will pursue this idea further but 
let’s ask some more questions first. 
“From Table | it is to be noted that 
diamond or graphite (both carbon) 
with the widely differing properties 
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mond are essentially the same element 
carbon. How can you possibly believe 
that this is so? Coal is a soft, black, 
dirty material, while a diamond, be- 
sides being a girl’s best friend, is one 
of the hardest substances known, will 
scratch metals, has a density of 3.5 
g/ml and is a non-conductor of elec- 
tricity. Graphite, the other pure form 
of carbon has a density of 2.2 g/ml, 
is easily crushed and has a slick feel. 
How can the same element exhibit 
such divergent properties? The other 
substances, coal, charcoal, and coke 
are microcrystalline forms, but not 
pure carbon. 

“It is easy enough to show that dia- 
mond and graphite both consist of the 
element carbon. Lavoisier (about 
1790) burned a diamond in oxygen 
and found that the only product was 
carbon dioxide. Graphite also burns 
to give the same product. These are 
chemical changes. 


a ~~ oh 
32 44 
oxygen carbon dioxide 


already mentioned and hydrogen, a 
colorless gas with very low boiling 
point are somehow combined in meth- 
ane, CH4, a colorless gas of still dif- 
ferent properties. How can such a 
profound change occur? 

“If we examine another series of 
compounds, CH,, CHCl, CHeCle, 
CHCI;, and CCl,, where the appar- 
ent change is a replacement of H by 
Cl successively, the starting compound, 
a gas, goes through 
changes in which the boiling point 
rises from —161° to 76° in CClg. 
This is a more orderly change than 
the abrupt change in the properties 
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of diamond, hydrogen, and methane. 
“How can we make any sense out 
of this puzzle? Is there any attribute 
of these various substances that will 
throw light on all the questions 
raised? One important aspect of the 
changes involved is structure. Before 
the questions can be answered, we 
must first turn to a closer look at 
atomic and molecular structure. 


Classification of Substances 

“How are we to choose examples 
from among the millions of different 
materials known? Indeed, why did 
we pick the substances in Table 1 to 
discuss in here? If an arbitrary or 
miscellaneous collection of materials 
is discussed, then what is concluded 
about these can hardly have much ap 
plication to all the others. Clearly the 
problem of choosing examples can be 
resolved only by some kind of pre 
liminary classification procedure. 

“Upon what basis, then, can we di- 
vide the great variety of materials 
known into groups? It is possible to 
separate all materials into one or more 
pure substances. There are straight- 


forward laboratory procedures tor car 


rying out the necessary steps. It is 
possible to go one step further and 


| subdivide all pure substances into two 


groups, of which one is a small num 
ber of substances called chemical ele 
ments. 


“Unfortunately, the remaining pure 
substances, which are compounds of 
two or more different elements, num 
ber something over a million. Among 
all these compounds are ones exhibit 
ing a great variety of properties. A 
few examples are presented in Table 
1 to illustrate the range of behavior. 
How can we organize compounds in 
a way that will make possible a mean 


“HEMISTRY FEBRUARY 1960 


ingful discussion? It is clearly im- 
practical to discuss each substance by 
itself. 

“A further basis for subdivision has 
been mentioned based on bond type. 
Chemists deal with fairly large 
amounts of material ordinarily. In 
these pieces of material forces operate 
to hold the material together. These 
forces are referred to as bonds. The 
bonds are the glue which hold atoms 
together in some appropriate struc- 
ture. The great variety of substances 
known do not seem to be easily un- 
derstoed as the result of a single type 
of bond but rather of several. 

“If we consider the properties listed 
for substances in Table 1, at least 
three different sets are discernible. 
Hydrogen, methane, and carbon tetra- 
chloride form one set with properties 
rather similar to those of neon and 
argon. In this set boiling and melting 
points are at rather low temperatures, 
but even more noticeable is the short 
temperature interval within which 
each of these substances is a liquid. 
These substances are transparent, col 
orless, and non-conductors of electrici- 
ty. It is this type of substance which 
exemplifies the covalent bond. 


substances with 
properties markedly different from the 
first is illustrated in Table | by cop 
per, sodium, iron and two alloys. In 
this set boiling points are of the order 
of 1,000° C, and the materials exist 
as liquid over an extended range of 
temperature. Uniformly such sub 
stances are opaque, and most of them 
are silvery colored. This type ol sub 
stance exhibits the metallic bond. 


“A second set of 


“Sodium chloride, potassium, fluor 
ide, and magnesium bromide are rep 
resentatives of still a third type. In 





this type, boiling points are high, and 
the material can be liquid over a 
temperature interval of the order of 
500° C. They differ from the metals 
in being transparent and usually col- 
orless. As solids they are non-conduc- 
tors of electricity, whereas metals are 
conductors. This third group of ma- 
terials exemplifies the ionic bond type. 

“The triangular diagram on page 
1 depicts this three-fold division of 
all compounds. Unfortunately, sub 
stances are not found in nature neatly 
labeled as to which type they belong 
until a chemist chooses to do so. More 
than a few compounds do not fit 
simply into the man-made classifica- 
tion presented here. Two such ex- 
amples are included in Table 1, car- 
bon and quartz. Their properties can 
be accounted for, and will be dis- 
cussed in some detail later in this 
chapter. Subsequent chapters will take 
up other kinds of substances which do 
not fit the simple three-part classifica- 
tion. 

“Let us now enter into a more de- 
tailed study of each of these bond 
types. This study has as its purpose 
the understanding of how substances 
enter into reactions, and how reaction 
products are related to initial reagents. 
In this chapter we will consider the 
first or covalently bonded substances. 
To do this it is necessary to explore 
the nature of electron arrangements 
within atoms and molecules. 


Atomic Orbitals 

“In the discussion of the nature of 
the electron, two reconcilable views 
were given. An electron may some- 
times advantageously be considered a 
particle and at other times a wave. 
As a wave we may consider an elec- 
tron to be a cloud of negative elec 
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Fig. | 
Perspective representation of the 
atomic Is orbital. 


tricity. It is only fair to ask then, 
‘What shape and character does the | 
cloud have?’ Is it a black, dense, | 
storm cloud or a fleecy, light, cumu- | 
lus cloud? The cloud of negative elec- 
tricity has been described variously 
depending on its level of energy. In- 
tuition might lead one to suggest that 
the electron should surround the nu- 
cleus of the atom in a spherical shape. 
Intuition leads to a satisfactory des- 
cription for the s electron. The por- 
tion of space reserved for occupation 
by an electron cloud is called an or- 
bital. Just as a cloud in the sky has 
a shape determined by the way the 
winds blow on it, so a cloud of nega- 
tive electricity has a shape determined 
by the action of electrical forces. 

“It should be mentioned that the 
2s orbital also exists for the hydrogen 
atom but the energy level of the 2s 
orbital is so much above the Is orbital 
that the Is orbital is occupied first 
under ordinary conditions. The reser- 
vation is there, however, whether the 
Indian is in residence or not. 

“The way in which the electronic 
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configurations of the first elements in 
the periodic table are built up was 
shown in Chapter IV. The s orbitals 
(Fig. 1) consist of concentric spheres 
of increasing radius (Is, 2s, 3s, etc.) 
while p orbitals (Fig. 2) are dumb 
bell in shape (2p, 3p, ete.) at right 
angles to each other. In an atom such 





Fig. 


as silicon, the electronic configuration 
will give a cluttered picture if all the 
orbitals are shown at once — three 
concentric spheres of increasing radius 
(Is, 2s, 3s) together with five p orbi 
tals, (three in 2p level and two in 3p 
level) each of which is a dumbbell 
shape. 


(b) 








(d) 


2 


Perspective representation of px, py, Pz atomic orbitals (a, b, c) superimposed 
in (d) to show orientation in x, y, z planes. 
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Molecule Formation penetration of atomic orbitals to the 
“Molecule formation from two at- point at which mutual repulsion of 
oms by this model involves the inter- nucleus for nucleus and electron cloud 












( 

\ 

(a) (b) | 

Fig. 3 

Representation of hydrogen molecule (a) in perspective and , 
(b) in cross section through the nuclei. 


for electron cloud balances mutual at- electrons. Bond formation cannot oc- 
traction of positive nuclei for negative cur unless the electrons involved have 
electron cloud in the two atoms. The opposite spins. Covalent bonds are 
covalent bond so formed is the pair of | characterized then by the sharing of 
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Fig. 5 . 
Combination of the hydrogen Is orbi 
tal with the fluorine 2p orbital. 


a pair of electrons. The interpenetra 
tion of two spherical s orbitals from 
two hydrogen atoms resu!ts in a mole 
cule whose electron cover is egg 
shaped. The shared pair is now said 
to belong to the orbital of both atoms. 


The bond between hydrogen atoms 
may then be called an bond, and 
by abbreviated notation we would 


write H-H to represent the hydrogen 
molecule. If a hydrogen and fluorine 
atom get together the s electron in 
hydrogen 1 is avell able for bond forma 


tion but the s electrons in both Is and 


\ ahs ‘ Ht H 
i 7 , 
/ \ 
\ @H 
\ 
~ —— 
Fig. 6 


Atomic orbitals of hydrogen = OXY 
The third p orbit: a 
containing a pair ol Sato and per 


gen. 
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oxygen 


pendicular to the plane of the paper 

is represented by the inner circle. 

2s orbitals of fluorine are paired and 
already full. Two p orbitals are also 
not available for bond formation. The 
third p orbital, however, containing 
one unpaired electron may at a Suit- 
ab'e distance overlap the spherical : 
orbital ef hydrogen to form a > aed 
between the two. It may be described 
as an s-p bond and the compound may 
be written H-F. 

“Now let us consider molecule for- 
mation between hydrogen and oxygen. 
Oxygen has two available p orbitals 





Fig. 
Representation of water molecule. Ov- 
erlapping of atomic orbitals to give 
two s-p bonds. 


for bond formation with an s orbital 
of hydrogen. The formula for water 
then must reflect this since two hy- 
drogens must be used to supply 
enough electrons to fill the two p or 
bitals of oxygen. We write it H,O 
and the bonds may be described as 
p bonds. If our theory of bond 
formation is adequate, the bonds from 
H to O should form an angle of 90 
and the water could be 
said to have a V-shape. Measurement 
of the angle at oxygen by X-ray dit 
fraction methods reveals the angle to 


be 104°27’. 


two s- 


molecule of 


This is too far away from 

















































the theoretical value to leave a com- 
fortable feeling about the picture we 
have given. However, one factor has 
not been considered. The two hydro- 
gen nuclei are positively charged and 
conceivably could repel each other 
enough to increase the angle above 
90°. One check of this idea comes 
through considering the element next 
below oxygen in the periodic table. 
Sulfur should form a compound ana- 
logous to water with the formula H.S 
since the electronic structures of the 
outermost orbitals are similar. The 
larger sulfur atom results in a bond 
longer for SH than for OH. Hence 
the two hydrogens are held farther 
apart and repulsion between them 
should be smaller. We would then 


O 1s?2s?2p,22p,12p,! 
S_ 1s?2s*2p%3s23p,73py !3p,! 


expect the angle at sulfur to be near- 
er the theoretical 90°. It is in fact 
92°20’ and leaves the theory in a sat- 
istactory position. 

“Similar consideration of molecule 
formation between nitrogen and hy- 
drogen leads to the formula NH; and 
angles of 90° for the H-N-H bonds. 
Measurement of the angle gives a 
value 106°45’, again in a wide devia- 
tion from theory. However, analogous 
compounds from other elements in 
Group V give angles nearer the theor- 
etical value of 90° in accordance with 
the argument just given for H.S and 
H,O. 

TABLE 2 
Bond Angles 
NH; - 106°45’ AsH3; - 91°35’ 
PH; - 93°50’ SbH;, - 91°30’ 


Hybridization 
“The electrons in carbon have al- 
ready been described by the notation 
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Fig. 8 
Representation of ammonia molecule. 
Overlapping of atomic orbitals to give 
three s-p bonds. 


1s*2s?2p,12py!. Two unpaired elec- 
trons suggest that carbon should form 
two bonds with other atoms. One of 
the major facts of chemistry, however, 
is the abundance of known carbon 
compounds in which four bonds, not 
two, hold the molecule together. To 
account for this it must be assumed 
that the arrangement of electrons giv- 
en above is changed. If one of the 2s? 
electrons were promoted to the 2p, 


- 


H 
( . {> Cc H 
ee ; sf 
. 
Fig. 9 


Overlap of hydrogen s orbital with 
four sp* hybrid orbitals of carbon. 
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(b) 


Fig. 10 
(a) A single sp* hybrid atomic orbital. 
(b) Perspective of four sp* hybrid orbitals. 


orbital, four half-filled orbitals become 
available for bond formation. This 
would provide for one s and three p 
bonds, the latter at right angles to 
each other and the s bond non-direc 
tional. Such is not the case. Instead, a 
different type of bond is formed, in 
general, stronger than an s-s, s-p, or 
p-p bond. Since it comes from cross 
breeding of an s and three p orbitals, 


it is referred to as an sp* hybrid bond. 
The four bonds thus available are di 
rected to the corners of a regular tetra 
hedron. If only one node is shown the 
orbitals would be well represented by 
Fig. 9. If carbon were to form a 
compound with hydrogen four s-sp* 
bonds would obtain in CH, and with 
chlorine four p-sp* bonds in CCl,. 
The three dimensional structure is a 





Fig. 
Three representations of methane: (a) Tetrahedral, shows bonds of carbon 
atom directed to corners of a regular tetrahedron. (b) Stuart models using 


correct interatomic distance on the scale 1.5 cm } A, 


II 


(c) Ball and stick 


model which shows only angles and order in which atoms are linked. 
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regular tetrahedron in which the an- 
gles between bonds is 109°28’. 

“TIt is not expected that you will 
accept the shape of an sp* hybrid or- 
bital (Fig. 10a) as logical or even rea- 
aa We suggested that the shape 
of an s orbital was reasonable by 
simple intuition. Not so with the 
dumbbell shape of the p orbital. But 
we did find it useful in accounting 
for the shape of water, ammonia and 
other suggested molecules. The shape 
of the p orbital arises from a solution 
of the wave equation that describes 
the behavior of p electrons. We ask 
you to accept this solution of the wave 
equation as a working hypothesis — 
that a p orbital has a dumbbell shape 
and a sp® hybrid orbital the shape 
shown in Fig. 10a. 


“It is well to note that the shape 
of the hybrid orbital is quite different 
from the dumbbell. In the model, this 
suggests a reason why the dumbbell 
cannot overlap on both ends. As soon 
as the overlap on one end occurs the 
orbital no longer has the dumbbell 
shape but is now an sp® orbital. With- 
out using the model we would arrive 
at the same conclusion by saying that 
an orbital cannot be occupied by four 
electrons at the same time (Pauli ex- 
clusion principle) but only two. 

“We do not hide the fact that there 
must be a leap in your thinking about 
these models but it is because we have 
asked the model a very difficult ques- 
tion, “What new shape do you get if 
you mix or add one balloon (s orbi- 
tal) and three dumbbells (p orbitals)” ? 
One cannot expect an answer from 
the models; hence, a leap in our think 
ing is required. 

“Part of the difficulty arises because 
Wwe are using geometric models for 
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mathematical expressions that were 


not necessarily meant to have geo- at 
metric implications. But scientists like of 
models and find them useful. In fact, be 


you will be using analogies and mod- 
els throughout your scientific career 
w enever | they appear worthwhile. 
“If you will make this leap in your 
thinking, we promise smoother sailing 
after the leap. Rest assured that you 
are not alone in the boat. Indeed most 
of the authors of this book have not 
gone through the rigorous mathemat- 
ical analysis that is required to solve 
the wave equation. We have accepted 


this solution and the model on a | ic 
working basis. ti 
“We hope that you will pursue sci- | ¢f 


ence and mathematics far enough so | y, 
that day you can handle the | js 
equations involved in the wave me- al 
chanics. In the meantime you will find | jf 
the styrofoam models of orbitals and 
atoms in your laboratory very helpful 

in seeing three-dimensional pictures 

that of necessity appear in perspective 

on paper. ] 


some 


“Hybridization is not a phenomen- 
on peculiar to carbon or to other 
atoms in group IV. The two elements 
preceding carbon in the periodic table, 
beryllium and boron and other ele- 
ments in the same groups II and III 
also form hybrid bonds. Indeed, 
total number, most of the covalent 
bonds known are hybrid bonds. 

“The electronic structure of 
lium, 


beryl- 
Is*2s? would at first suggest 


that this element was inert (two s 
orbitals filled). It cannot be called in- 
ert, however, and does form two cova- | b 
lent bonds with chlorine, for example. | b 


Again it is suggested that promotion — | 
of a 2s electron to a 2p level and 
hybridization of the two orbitals when — s 
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they are filled by electrons from other 
atoms will account for the existence 
of such a compound as BeCly. The 
bonding electrons from the two hy- 












s +px 





drogens are s electrons. From beryl 
lium, sp hybrid bonds lead to the des 
cription s-sp for the two bonds in 


BeClo. 


—_ sp 
Fig. 12 
Formation of sp hybrid orbitals from s and p orbitals. 


“In boron, number 5 in the per 
iodic table, the electronic configura- 
tion Is*2s*2p! again might suggest 
that boron could form only one co- 
valent bond with other atoms. Such 
is not the case. Three covalent bonds 
are formed which we can account for 
if one 2s electron is promoted to a 2p 





level. Hybridization of the three 
bonds from one s and two p electrons 
(2s!2p,'2p,!) results in sp? hybrid 
bonding in molecules like BF and 
BCl.. 

Since p electrons are involved from 
chlorine or fluorine the three bonds 
are described as p-sp* bonds. 


~ © px + py — 3 sp- orbitals 
Fig. 13 
Hybridization of s and two p orbitals to 3 sp orbitals. 
“The resulting equivalent sp hy- with which you are familiar. The 


brid bonds are linear and sp? hybrid 
bonds are planar, making angles of 
120° with one another. (Fig. 13) 
“Hybridization of orbitals bears 
some resemblance to a case in nature 
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cross-breeding of a horse and a jack- 
ass results in a mule, a wonderful ani- 
mal with properties of neither parent: 
toughness, lackadaisical attitude, abil- 
ity to stand hot weather. A hybrid sp 
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bond is stronger than either the s or 
p bond and the directional character 
is different: an s electron is non-direc- 
tional; p electrons are dumbbell in 
shape mutually at right angles to each 
other; sp hybrid orbitals are linear 
(180°); sp? hybrid orbitals are planar 
at 120°; and sp* hybrid orbitals are 
tetrahedral at 109°28’. All are strong- 
er than their unhybridized counter- 
parts.” 

Chapter VII treats some energy 
changes and rates of chemical reac- 
tions. Here the concept of “free en- 
ergy is introduced and illustrated by 
simple physical and chemical exam- 
ples. The chain reaction mechanisms 
of the Hy-Cly reaction is discussed. 

Chapter VIII considers the periodi- 
city of atomic properties such as ioni- 
zation potential, size, etc. The discus- 
sion of atomic size in terms of various 
radii is as follows: 


Meaning of the Size of an Atom 

“The ‘screening effect’ of the inner 
shells of electrons in decreasing the 
first ionization potentials of the ele- 
ments is added to another effect of 
the inner shells, namely, that the size 
of the atom increases as the number 
of inner shells increases. Hence the 
outer electrons are pushed farther and 
farther away from the nucleus and 
the attractive force becomes smaller 
and smaller. 

“How do the sizes of atoms change 
with their position in the periodic 
table? 

“A qualitative answer to this ques- 
tion seems easy. We would expect the 
size to depend upon the nuclear 
charge, since a high nuclear charge 
would tend to pull the electrons in 
close to the nucleus. Hence atoms of 
higher atomic number should be 
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smaller than atoms of lower atomic 
number. 

“The answer does not seem so easy, 
however, when we remember that the 
attraction of the nucleus is modified 
by the screening effect of the inner 
electron shells and their tendency to 
keep the outer electrons from ap- 
proaching the nucleus. If these effects 
are important enough, they might 
even make our first answer incorrect, 
so that atoms of higher nuclear charge 
were actually bigger than atoms of 
lower nuclear charge. In an experi- 
mental science, we do not settle such 
questions by argument but by going 
to the laboratory. The solution seems 


to be to measure the atom, to deter- | 


mine its radius or diameter, and find 
out which of these opposing effects is 
more important. We have said, how- 
ever, that atoms are nuclei surround- 
ed by fuzzy electron clouds. How does 
one find where the cloud ends? 

“If we consider the question, we 
will realize that we are not nearly so 
much interested in finding out where 
the electron cloud ends for an isolated 
atom, as we are in finding out how 
close another atom with its electron 
cloud can approach it. Such approach 
may or may not lead to binding, and 
as chemists, we want to know how 
close atoms may approach without 
combining to form a compound, and 
how close they are when they have 
formed compounds. This distance be- 
tween atoms is a quantity we can 
measure, because this is effectively the 
distance between the centers of the 
electron clouds, that is, the distance 
between the nuclei. If we imagine 
spherical atoms in contact along the 
line joining the two nuclei, then we 
may assign a portion of this distance 
to one nucleus and the remainder to 


CHEMISTRY 



























atomic 


O easy, 
rat the 
odified 
inner 
ncy to 
mM. ap- 
effects 
might 
‘orrect, 
charge 
yms of 
experi- 
e such 
going 
seems 


deter- | 


id find 
fects is 
, how- 
round- 
w does 


om, we 
arly so 
where 
solated 
it how 
lectron 
proach 
ig, and 
vy how 
vithout 
id, and 
y have 
nce be- 
ve can 
ely the 
of the 
jistance 
magine 
ng the 
1en we 
listance 
ider to 


MISTRY 





Fig. 14 
Diagram illustrating two atoms (assumed spherical) in contact. The distance 
a is measurable, and is apportioned between the two atoms 
to give the individual radii, ry and ro. 


the other. These two distances will 
then be the radii of the two atoms, 
assumed to be spheres (Fig. 14). 
There are several difficulties here. In 
the first place, the distance a will de- 
pend upon whether the atoms are 
bound together in a compound or not 
bound together. Secondly, there is no 
certainty that a given atom will keep 
the same radius when bound to one 
kind of atom that it had when bound 
to another kind of atom, so that it 
may not be sensible even to try to 
assign a particular value to the radius 
of a combined atom. There may be as 
many radii for the atom as there are 
compounds containing that atom. 
Thirdly, even if the atom keeps a 
fairly definite value for its radius in 
most compounds, how shall we di- 
vide the measured distance a between 
the two atoms? 


van der Waals, Covalent 
and Ionic Radii 
“Fortunately, the 


chemist has at 
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hand a great many values of the dis- 
tance a between various atoms. Ex- 
amination of them shows that three 
sets of radii can be established from 
which values can be obtained to agree 
with observed facts. One set of radii 
can be used in calculating the distance 
between an atom in one molecule and 
the nearest atom in another molecule, 
when the two molecules are in con- 
tact; these are called the van der 
Waals’ radii after the Dutch chemist 
who did much of the work in this 
field. A second set consists of radii to 
be used in calculating the distance be- 
tween atoms bound together by a non- 
polar covalent bond; these are called 
the covalent bond radii. Since only 
bonds between atoms of the same 
kind are strictly non-polar, calculation 
of the actual distance between two dif- 
ferent atoms bound by a polar cova- 
lent bond requires the application of 
a correction; this correction depends 
upon how polar the bond is. The third 
set of radii are those to be used 
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calculating the distance between ions; 
these are called the ionic radii. These 
again require modifications depend- 
ing upon the number of ions of op- 
posite charge in their neighborhood. 
Only in the case of the distance be 
tween two like atoms can we be sure 
that we have divided a correctly into 
r; and ry; here we give % a to each 
atom. Application of consistent prin 
ciples to the data permits the assign- 
ment of radii, which, when 
accordance with prescribed 
rules that seem reasonable, give values 
of a that are consistent with the facts. 
We therefore argue that these values 
are in fact correct, and we use them 
with confidence. 


sets of 
used in 


“It should be emphasized that many 
values of quantities in science are 
based upon this principle of consis- 
tency with the facts. Oftentimes no 
one measurement is sufficient to es- 
tablish it with certainty. Examination 
of great quantities of data, however, 
permit us to build up a skeletal struc 
ture which fits so many known facts, 
which is consistent with so many ex 
perimental results, that all reasonable 
doubt that the structure is in fact the 


one which occurs in nature is re- 
moved. 
“Fig. 15 shows the values of the 


atom sizes as calculated from the cov- 
alent-bond radii, and the sizes of ions 
as determined from the ionic radii. 
In general, the van der Waals’ radius 
is larger than the covalent bond radi- 
us, appros aching, for the neg ative ions, 
the ionic radius. 


“It is evident immediately from Fig. 
15 that the size of the atoms is a per- 
iodic function of the atomic number. 
There is a progressive decrease in size 
of the atom in each period from I to 
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VII. This is the expected result from 
the increase in nuclear charge with 
no change in the number of inner 
electron shells. size 
results in an increase in ionization po- 
tential and decrease in metallic char- 
acter which has already been noted. 
In the transition elements of each long 
period the size does not change ap 
preciably, the increase in nuclear 
charge being approximately balanced 
by added electrons in the d orbitals. 
The effect of the increased nuclear 
charge, however, is sufficient to make 
the atoms immediately following the 
transition elements, with an inner 
shell of 18 electrons, much smaller 
than atoms in the same period which 
have one or two electrons over a shell 
of 8. (Compare for example, silver 
with rubidium, zine with calcium, for 
both the free atoms and the positive 
ions. ) 


The decrease in 


“Within a family the atoms increase 
in size as the atomic number in- 
creases; this indicates that the enlarg- 
ing effect of the intervening inner 
shells is such as to overcome the con- 
tractive effects of the increased nuclear 
charge. This is also reflected in the 
decrease in ionization potential within 
families; the electron to be removed 
is farther away from the nucleus in 
the heavier atoms of the family, and 
less energy is required to remove it. 


“The lanthanides, which do not ap- 
pear in Fig. 15, show a slight de- 
crease in size with increasing atomic 
number. This is accounted for by the 
increase in nuclear charge without the 
introduction of intervening shells of 


electrons, and makes the elements fol- 
lowing them smaller than one might 
have expected on the basis of the 
earlier periods. 


Thus 


changes in the 
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hafnium is not significantly larger 
than zirconium, etc. This too is re- 
flected in the values of the ionization 
potentials, which, for the elements of 
the sixth period following the lanthan- 
ides, tend to be greater than those of 
the corresponding members of their 
families in the fifth period. This ap 
pears to be the reason why the ioni- 
zation potential of radium does not 
agree with the orderly change of ioni- 
zation potentials in the alkaline earth 
series. There is a very much greater 
increase in nuclear charge in passing 
from barium to radium than in pass- 
ing from strontium to barium, yet in 
each case the number of electron shells 
is increased only by one. This large 
increase in nuclear charge tends to 
keep the atom small, and the outer 
electron is not as easily removed from 
radium as one might have expected 
from the trend of ionization potentials 
observed for the lighter members of 
the alkaline earth family.” 

Most ionic compounds are formed 
by the reaction of a metal with a 
covalently bonded non-metal. Thus, 
before these reactions can logically be 
discussed, attention must be given to 
the forces which hold metallic crystals 
together. Accordingly, metallic bond- 
ing is considered in Chapter IX. Once 
the student accepts the possibility that 
two positively charged nuclei can be 
held together by the mutual attraction 
of the nuclei for a pair of electrons, 
it is a small step to realize that a large 
number of positively charged nuclei 
could be held together by the mutual 
attraction for a large number of elec- 
trons. This, crudely stated, is the sit- 
uation in the metallic bond. 


The Metallic Bond 


“It is evident that the binding 





which holds these atoms together 
must be different from the binding 
in covalent substances, since the metal 
atoms do not have nearly enough elec- 
trons in the outer shell to form elec- 
tron-pair bonds with 12 adjacent at- 
oms, nor with 14 (8 + 6). Metal 
atoms have only a few electrons in 
their outer shells. However, some gen- 
eral features of the bonding in metals 
can be inferred from physical proper- 


ties. Thus most metals are tough. 
takes a considerable force to break a 


metal wire by pulling it. This indi- 
cates that powerful attractive forces 
operate through the body of the metal 
wire. At the same time the metal wire 
may be bent without destroying its 
strength. Most metals are not brittle. 
Forces between metal atoms must op 
erate even when the metal 
deformed and the atoms are 
in relation to each other. Therefore, 
binding in metals requires that there 
be forces extending out in all direc 
tions from each atom. The only source 
for these forces in metals, as for all 
forces involved chemical binding, 
is electrostatic attraction. The detailed 
description of the metallic bond has 
not yet been developed, but a useful 
picture is one in which the outer elec- 
trons of each atom are imagined to 
be removed to form positive ions and 
the electrons scattered among 
the act smeared-out 
negative charge which counteracts the 
repulsion between the positive ions 
and holds the crystals together. 

“It is proper to imagine the elec 
trons as being free to move about in 
the structure between the ions. The 
electrons in the valency shell are not 
attached any individual ions or 
pair of ions. They belong to the crystal 
as a whole, and not to any portion of 
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carbon atoms. 


This is true only of the outer elec 
trons; the electrons in the inner shell 
do remain attached to their individual 
nuclei and are, for the most part, not 
concerned in contributing to the me- 
tallic binding. 


“The importance of the observation 
that metallic characteristics are shown 
only by those elements whose atoms 
have few electrons in the valency shell 
may be emphasized by considering 
the structures of the first and last ele- 
ments in group IV in the periodic 
table. Carbon forms crystals with the 
diamond structure, in which each 
atom is attached by strong covalent 
bonds to each of four other carbon 
atoms. The four valence electrons per 
atom are used in pairing with one 
electron from each of the other four 
Carbon as diamond 
shows no metallic character. Lead, the 
last element in group IV, has the 
characteristics of a metal, and crystal- 
lizes in the typical face-centered cubic 
lattice characteristic of metals. The 
reason for the difference is that in 
lead, with the outer electron structure 
6s76p?, the two 6s electrons are held 
tightly to the nucleus by the high nu 
clear charge, and binding involves 
only the two unpaired p electrons. 
This decrease from 4 to 2 in the num 
ber of electrons available for use 
causes crystalline lead to be metallic 
compared to the diamond. 


“The effect of number of valence 
electrons is also shown in the case of 
tin which forms two different kinds 
of solid crystals. One of these, known 
as grey tin, has the diamond structure, 
in which each tin atom is held by 
four covalent bonds; crystals of grey 
tin have most of the non-metallic pro- 
perties to be expected from such a 
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structure. The other crystal form, 
known as white tin, has the proper- 
ties of a metal, it is shiny and a good 
conductor, and it has a structure 
which, while not conforming exactly 
to any of the three crystal structures 
we have discussed is definitely of a 
metallic type. 


Properties of Metals 
From Structure 

“The structure of metals is respon 
sible for many of the properties such 
as malleability, ductility, bending, 
springiness, and toughness. In metals, 
there is (a) non-directional bonding, 
(b) empty spaces, and (c) glide 
planes. 


“When the surface of a metal is 
examined under a microscope, what 
appears to be a smooth, homogeneous 
surface will then seem to be a mosaic 
of crystals, often called grains. The 
grain boundaries are actually separa- 
tions of small crystals of the metal. 
By careful control of temperature in 
the proper environment, it is possible 
to grow single crystals of many metals 
from their melts. Single crystals of 
metals do not have the same proper- 
ties as gross pieces of untreated metals. 
The pure single crystal is softer and 
has higher thermal and electrical con 
ductivity. Grain boundaries are ab 
sent and the ease of passage of elec 
trons is therefore maximum. Tensile 
strength will be greater in a single 
crystal because holes and irregularities 
in the lattice are fewer. 

“The single crystal has a lattice 
structure near the ideal while ordin- 
ary metal would entail empty spaces 
and irregular joining of lattices at the 
grain boundaries. 


“Bending a single crystal will dis- 
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place some atoms so that new grains 
are formed. The metal will no longer 
be a single crystal and will then be 
harder than it was originally. For the 
same reason bending an ordinary 
piece of wire makes it harder at the 
point of the bend and it is seldom 
possible to return it to its original 
shape. Instead it bends in a new place. 
Working (hammering or drawing) 
a metal destroys some of the glide 
planes and makes the metal harder to 
deform than it was before. 


“The structure of metals contributes 
to the ease with which they may be 
deformed. To a group of metal ions, 
one ion looks like its neighbor, and 
it is possible to shift ions about in the 
electron ‘sea’ without disturbing the 
binding noticeably. Suppose for ex- 
ample, that the group of ions at A 
in Fig. 16 is moved to position B. 


“In the gross picture nothing has 
been changed except at the crystal 
edges; in the interior of the crystal 
the environment of each metallic ion 
is the same as in the old position. Me- 
tallic ions, then, give up old loyalties 
easily and form new strong bonds 
easily at the new displaced positions. 
This is a striking difference between 


20 


Forced displacement of ions in a metal along a glide plane. 





the non-directional bonding of metals 
and the directed valence in covalent 
molecules. The displacements in Fig. 
16 will also suggest why metals are 
ductile. Continued slippage along 
glide planes will allow the metal to 
be drawn into wire without breaking. 

“Figure 17 shows the initial and 
final states of a deformation, but does 
not describe the intermediate stages. 


It must not be supposed that the | 


whole set of ions moves bodily from 
one place to another simultaneously; 
rather one ion moves at a time, and 
the dislocation moves more or less 
gradually across the crystal. Most crys- 
tals, in fact, will be imperfect, in that 
there will be vacant places in the crys- 
tal lattice where ions are missing, or 
extra planes of ions which disturb the 
regularity. Deformation of the crystal 
is then somewhat easier in these cases, 
because the deformation itself may 
serve to “straighten out” the crystal 
pattern along these deformations ( Fig. 
17). 

“The deformation of massive pieces 
of a metal is more complicated than 
this, since a large piece of metal is 
usually made up of many crystals, and 
part of the changes in shape are con 
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Migration of metallic atoms in a crystal removes imperfections. 


cerned with sliding crystals over each 
other rather than deforming the crys 
tals themselves. 


“Diamonds and covalently bonded 
interstitial compounds such as tung 
sten carbide do not bend because the 
bonding is directional. When the 
stress is transmitted to the rigid sys- 
tem, there are no glide planes so that 
layers of atoms cannot be moved over 
one another. 

“Metals generally have high elasti- 
city. If the stress is small, atoms are 
displaced without moving a whole 
glide plane and the atoms spring back 
to their original positions when the 
stress is removed to restore the perfect 
lattice. This for elasticity. 
Further displacement causes bending 
and the metal does not return to its 
original shape when the stress is re- 
moved. 


accounts 


“Irregularities at grain boundaries 
are generally points of weakness. Cor. 
rosion in metals ordinarily starts at 
such points. Single crystals are nota- 
bly less susceptible to corrosive action 
of the air or of chemicals. 


Energy Levels in Metals 


“Just as earlier sections of this book 
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have discussed the separation of the 
energies of electrons in isolated atoms 
into various allowed energy levels, so 
also the valence electrons in metal 
crystals have certain energy levels. 
The difference between isolated atoms 
and those in a crystal is that the atoms 
in a metal crystals are close enough 
together for the electrons on adjacent 
atoms to interfere with each other. 
This means that the energy levels of 
the individual atoms no longer coin- 
but are slightly different. This 
results in bands of extremely close- 
spaced energy levels which are char- 
acteristic of the crystal as a whole 
rather than of individual atoms. The 
several bands may themselves be close 
together, far apart, or they may over- 
lap each other depending upon the 
elements in the crystal. Each energy 
level within a band has space for two 
electrons, as required by the Pauli ex- 
clusion principle, and fills from the 
lowest energy level upward as enough 
valence electrons are fed to give the 
proper number of valence electrons 
per atom. We can imagine, then, a 
building up of the electron structure 
of a crystal in exactly the way we built 
up the electron configurations of the 
elements in the pericdic table. A dif- 


cide, 
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ficulty is that the range of energies in 
a band, the separation of bands from 
each other, and the possible overlap- 
ping of bands, depend upon the ar 
rangement in the crystal as well as 
upon the element present, so that this 
building up is not as simple as in the 
earlier discussion. This point of view 
can, however, be used to discuss some 
general features of metallic conductors 
as compared to insulators. 

“Let us consider a crystal of an 
alkali metal which has one valence 
electron per atom. Associated with the 
alkali metal crystal there will be a 
group of energy bands for the valence 
electrons, which we might represent, 
very schematically, as in Fig. 18. Each 
band has room for two electrons per 
atom; hence for an alkali metal, the 
lowest band would be half full, as in 
dicated. Alkali metals are conductors, 
and we interpret the conductivity by 
saying that there are a number of 
empty spaces in the band into which 
the electrons can move with very lit 
tle expenditure of energy. The possi 
bility of moving into unoccupied en 
ergy levels permits a flow of electrons, 
which we measure as a current. 


Energy Levels in Insulators 

“In contrast to the behavior of an 
alkali metal, an insulator has its en- 
ergy bands filled with electrons, so 
that there are no vacant levels avail- 
able for them to enter. The energy 
level diagram may be imagined to 
look like Fig. 19 in which the lower 
bands are filled, and the energy gap 
between these and the next band is too 
great to permit electrons to enter it, 
and no conductivity results. This is 
exactly what happens in the case of 
the diamond. In this substance there 
are two low-lying bands (one of which 
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INNER SHELL ELECTRONS 


FILLEO !S LEVEL OF 
INNER SHELL ELECTRONS 


Fig. 18 
Schematic diagram of energy levels 
in metallic sodium. 


is very narrow) each of which will 
take, per atom, two electrons of op- 
posite spins. These are just filled by 
the four valence electrons. The next 
higher levels are much higher, being 
separated from the lower levels by 
what is sometimes called a ‘forbid- 
den’ zone. Ordinary energies are not 
sufficient to move the electrons across 
this forbidden zone into the higher 
levels, and the crystal does not con- 
duct. Note that according to this 
theory the electrons in the diamond 
also belong to the crystal as a whole 
rather than to any pair of carbon at- 
oms and move about in the crystal. 
They are not able to act as conduction 
electrons, however, because there are 
no empty energy levels available into 
which they can be transferred.” 
Chapter X presents an extended dis- 
cussion of ions and their reactions. 
An attempt is made to explain metal- 
nonmetal reactions in terms of the 
changes which take place in their 
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electronic environment. Oxidation-re- 
duction reactions are treated in terms 
of the free-energy changes involved. 
There seems to be no advantage at 
this stage in the introduction of the 
concept and measurement of standard 
electrode potentials. The oxidation 
number method cf bookkeeping for 
balancing oxidation - reduction equa 
tions is employed. 

In Chapter XI the concept of cova 
lent bonds is extended to the situation 
in which the shareholders in the elec 
tron pair have unequal electronega 
tivity and, hence, the bond is polar 
in character. The physical properties 
associated with polar bonds are ex 
plored in some detail in terms of the 
second period hydrides. The chemical 
consequence of polar bonds is illus- 
trated with the reactions of the hy 
drogen halides and halogens them 
selves. 


In the past a number of different 


classes of reactions have been found 


i ee 


» EMPTY LEVELS 


) 
| EMPTY LEVELS 


——— J 


FORBIDDEN ZONE 


SSS) Two FILLED BANDS 


J OF VALENCE ELECTRONS 








FILLED IS LEVEL OF 
INNER SHELL ELECTRONS 


Fig. 19 
Schematic diagram of the energy 
levels in a diamond. 
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useful. These include such familiar 
groups as oxidation-reduction and 
acid-base reactions. Any systematic at- 
tempt to base the understanding of 
chemical reactions on electronic and 
structural considerations does not re- 
quire these classifications. The- ap- 
proach this course adopts is capable, 
in principle, of comprehending all 
chemical reactions. Nevertheless it 
probably is wise to introduce the stu- 
dent to the terminology and typical 
examples to show how they fit into 
the general picture. It is clear that the 
introduction of these special reactions 
does not necessitate the introduction 
of any new principles. 

Acid-base chemistry and equilibria 
comprise Chapter XII. This section 
begins with the electronic or Lewis 
theory of acids and bases. It is then 
pointed out that the Arrhenius (H°* - 
OH’) theory or the Bronsted-Lowry 
(proton donors or acceptors) theory, 
although less general, may be useful 
in certain situations. Equilibrium con- 
stants, pH, and titration are discussed. 
The stoichiometry of reactions is de- 
veloped from atomic and molecular 
weights, and hence equivalent weights 
and normality are not introduced. The 
level of the material is illustrated by 
the following discussion of acid 
strength: 


Potential Acids of Type MOH 

“When a hydride such as HCl or 
HS acts as an acid in the presence 
of water (or other proton acceptor) 
the bond which is ruptured is already 
more or less polar and this rupture 
is helped by the release of much en- 
ergy in the formation of the solvated 
proton-nearly 300 Kcal/mole in the 
case of 

H* + H.O — H;0 




















































































“Suppose for the sake of argument 
that the proton is bonded to M 
through oxygen. This is the case in 
what we may call hydroxides of the 
type M-OH. It is possible to say, very 
roughly, that the hydroxides of metals 
tend to be basic while those of non- 
metals tend to be acidic. Let us see 
why this should be so. 


“Evidently the bond in M-O-H may 
break in either of two ways: 


M+O—H M 
Type A 


—O+H 
Type B 


The nature of atom M will determine 
the relative strengths of the M-O bond 
and the O-H bond. We may assume 
for the moment single bonds are 
shared electron pairs with varying de- 
grees of polarity, so that we can use 
the varying electronegativity of the 
atom M as a basis for deciding the 
attraction or repulsion of electron 
pairs along these bonds. From this we 
shall be able to judge whether dis- 
sociation into ions will follow Type 
A or Type B. First let us consider the 
two extreme cases: the hydroxides of 
sodium and chlorine. Sodium (at No. 
11) is a typical metal. The single 3s 
electron of the relatively large sodium 
atom is very loosely held as is shown 
by its low ionization energy of 5.14 
e.v. and by its standard electrode po- 
tential of +2.7 volts for the reaction 


Na —~ Na + € 


in solution. Evidently sodium is a 
strong electron donor and its electro- 
negativity of only 0.9 reflects this. We 
learned earlier that if the difference 
between the electronegativities of two 
bonded atoms is greater than 1.7 the 
bond will tend to be ionic. Since the 
electronegativity of oxygen is 3.5 we 
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can see that in Na-O-H the Na-O 
bond will certainly be ionic so that 
the dissociation of Na-O-H will fol- 
low Type A and the substance sodium 
hydroxide will be a base, Na* OH. 


“The hydroxides of other typical 
metals will behave similarly, the size 
and electronegativity of the metal at- 
om determining the strength of the 
base, within a group. Thus KOH is 
stronger than NaOH and LiOH is 
weaker, though the difference is slight 
and cannot be determined in water. 
All alkali metal hydroxides are com- 
pletely ionized in both the solid state 
and in water solution. 

Exercise: From the argument giv- 

en for the relative strengths of 

the hydrohalogen acids (Sect. 12- 

5) suggest a solvent for determin- 

ing the relative base strengths of 

KOH, NaOH, and LiOH. 

“It is not hard to predict what 
should happen as we progress across 
the third period from sodium to chlor- 
ine. In Cl-O-H the atom M (i.e. Cl) 
is that of a typical non-metal. This 
means that M is small and has a great 
afhnity for electrons (electronegativi 
ty of Cl = 3.0). Hence the Cl atom 
exerts a strong pull on the electrons 
which bond it to O, and as a result 
of this the electron pair bonding O 
to H is pulled closer to the oxygen. 
From the standpoint of electronega- 
tivity difference (3.5 - 3.0) Cl and O 
should remain covalently bonded, 
while the drift of the electron pair 
from H to O may cause dissociation 


into OCI and H*. 
HOCI == H* + OCI 


“Thus the dissociation to be expect- 
ed here is of Type B, and Cl-O-H is 
classified as an aci!, hypochlorous 
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acid, whose formula is usually writ- 
ten HoCl. Hypochlorous acid is quite 
weak (K; = 10°) and is not in itself 
very important. 

“Within the limits of the third per 
iod we have seen the chemical prop- 
erties of MOH change from those of 
a strong base NaOH (Group I), to 
those of a weak acid, HOC! (Group 
VII). We shall not examine the inter- 
mediate compounds more closely, but 
we would expect a gradual change in 
properties, i.c., gradually increasing 
acidity as M becomes more non-me- 
tallic. Evidently some hydroxides 


would be quite intermediate in char- 
acter, with little difference in strength 
between the M-O bond and the O-H 
bond. In such cases the type of ioni 
zation might be determined by the 
surroundings in which the molecule 
MOH was placed. Limiting our dis- 
cussion to the ‘water system’ of acids 
and bases we can see that presence of 
excess H,.O° might force MOH to 
act as a base, while excess OH™ ion 
would cause MOH to act as an acid. 
Hydroxides which show such behav- 
ior (e.g., Be(OH)2, Al(OH) 3, Zn 


(OH).) are said to be amphoteric: 


Zn (OH)s + 2H3,0° — Zn” + 4H.2O 
base acid 

Zn (OH)» + OH — Zn (OH)O 4. Hs.O 
acid base 

Al (OH), + OH — AI(OH),.O + He,O 


The polar character of covalent 
bonds is extended in Chapter XIII to 
include hydrogen bonds in water and 
similar substances. The mechanism of 
solubility is examined from the view- 
point of the polarity of the molecules 
present and the dielectric constant of 
the solvent. Hydration and hydrolysis 
are examined. 

The last four chapters are currently 
in very rough draft, but their general 
content can be illustrated by the in- 
troductory material in Chapter XIV. 

“For the next four chapters we will 
turn our attention to one of the great 
simplifying principles of the study of 
chemistry — the properties of a func- 
tional group. Actually we made a 
start in that direction when we exam- 
ined the behavior cf a series of com- 
pounds in which the structure MOH 
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OH, and the central atom M. We 
appeared. But there were two varia- 
bles in M-OH, the functional group 
are still interested in the two variables 
but instead of looking at the effect of 
changing M on the properties of OH, 
we will now probe a little farther into 
the possibility of having M remain 
constant but vary the environment 
around M while OH is attached. That 
is, we will ask what happens to the 
properties of the functional group, 
OH, when the other bonds attached 
to M vary. The particular atom, M, 
in which we can make the widest 
variation in other bonds attached to 
it is carbon. Carbon is unique in form- 
ing stable bonds with other carbons 
and the environment can be changed 
considerably even while OH still re- 
mains attached. 










































“Yo examine carefully the mean- 
ing and the implications of the nature 
of a functional group, we will carry 
out reactions on it to see how it can 
be replaced. Of necessity this will in- 
troduce other functions so in fact we 
cannot study one functional group in 
isolation. The study will be limited 
to Cl and OH for the most part in 
various. situations. 

“What we expect to accomplish is 
to show the power of this method of 
study for tackling the job of learning 
the properties of a million compounds 
of carbon. The task would obviously 
be hopeless if we tackled compounds 
individually. The method of studying 
the properties of functional groups in 
organic chemistry was first used ef 
fectively in a textbook by Ira Remsen 
before 1890. Until about three years 
ago textbooks in this field followed 
his unifying principle almost religious 
ly. 

“Some of the chemistry of the OH 


I Il Il IV 


LiOH Be(OH). B(OH)», 
NaOH Mg(OH)o. 











“All the compounds in groups I, 
II, Ill are known, none of those in 
V, VI, and VII is known, and Si- 
(OH),4, but not C(OH)4, is known 
in Group IV. The assumption is ob- 
viously too bold in the case of 
N(OH);, O(OH)g, and F(OH); 
since N, O and F do not have more 
than four orbitals available for bond- 


—H.,O 
N(OH); ——> 





C(OH), 
Al(OH) Si(OH), 


[ON(OH)s] 


group has already been discussed in 
connection with acid-base theory 
(Chapter XII) and the properties of 
HOH was the subject of Chapter 
XIII. The hydroxyl ion is the strong 
est base known in water solution and 
its chemistry need not be repeated 
here. In covalent compounds the prop 
erties of the M-OH bond will depend 
on the character of M. When the dif- 
ference in electronegativity between 
oxygen and M is less than 1.7, the 
O-H bond is often the more easily 
broken and the substance is acidic 
(Sect. 12-6) especially if oxygens are 
cumulated on M in O,,M(OH)n. 
Parent Hydroxy Compounds 

“How many OH groups may be 
placed around a given atom? If we 
examine the second and third rows in 
the periodic table, the following par- 
ent compounds can be written on the 
bold assumption that each outer elec- 
tron could pair with one electron from 
oxygen in the OH group: 


V VI 
N(OH); O(OH), 
P(OH); S(OH)¢ 





VI 
F(OH), 
Cl(OH); 











ing, on 2s and three 2p. In P, S, and 
Cl, the 3d orbitals are available but 
nevertheless, crowding 5, 6, and 7 
hydroxy groups around the central 
atom is unknown. (Compare PCl;, 
SF,, however.) The first known com- 
pounds in these series are what may 
be called dehydration products from 
the parent compounds. The nitrogen 


—H.,O 
nian O.N(OH) 
nitric acid 


H.O 


P(OH); 


_ 


OP(OH). 
phosphoric acid 
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acid (nitric) is known in a lower state 
of dehydration than phosphorus 
(phosphoric) and this is probably due 








H,O 


— 





C(OH), 











lated although it is known in solution 
but Si(OH)4 is a known substance. 

“Let us examine another series of 
compounds that can be derived from 
C(OH)4 by successive replacement 
of OH groups by H. One effect is 














OH OH 
HO—C—OH H—C—OH 

OH OH 

4.4 4? 


of the other three are known: CO 
(OH)s»s, carbonic acid; HCO(OH), 
formic acid; H»CO, formaldehyde; 
CH;0OH, methyl alcohol.” 


The laboratory part of this course 
is at least as important as the textual 
material. Because of the unique for- 
mat completely new experiments are 
needed. Detailed directions are kept 
to a minimum although extensive 
pre-laboratory discussions are fre- 
quently useful. The students are en- 
couraged as much as possible to work 
out their own procedures. The type 
of experiments presently in the course 
can best be illustrated by considering 
several examples. 


In the text, the physical and chem- 
ical characteristics of substances are 
discussed. This includes a considera- 
tion of the properties of various com- 
pounds in terms of their structure. In 
some cases, one finds that two sub- 
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to the relative sizes of N and P. 


OC(OH)» 
carbonic acid 





“In group IV the first dehydration 
product (carbonic acid) cannot be iso 


H.O 


— 


CO. 


the change in oxidation number if we 
assume that a C-H bond gives carbon 
an oxidation number —1 while a C-O 
bond gives it an oxidation number of 
+1. Although only the last of this 


series is known, dehydration products 


H H 
H—C—OH H—C—OH 
OH H 
0 —2 


stances of approximately equal formu- 
la weight might have quite different 
physical properties. This difference is 
due to the forces either between the 
atoms in a molecule or between the 
molecules themselves. To study the 
relationship between these forces and 
physical properties, the students are 
given a problem involving the deter- 
mination of the degree of polarity of 
a group of unknown compounds.® 
These compounds can be arranged in 
the order of their relative degree of 
polarity by determining the actual 
solubility of each unknown compound 
in different solvents. By using solvents 
which have different degrees of polar- 
ity themselves, the students can estab- 
lish the relative degree of polarity of 
the group of unknown compounds. 
In addition, the students can discuss 


5. Laboratory, C.B.A.C., Volume I, Ex- 
periment 6, Degree of Polarity. 




























































the possible types of chemical bonds 
which could be present in their un 
knowns. 


In both the class and laboratory 
work of the C.B.A. course, the sig 
nificance of chemical equations is 
stressed. This includes not only the 
customary consideration of the various 
notations used in chemical equations 
but also the consideration of the na- 
ture of the reactants and the products. 
Hence, it is possible for the students 
to visualize a written reaction as they 
would observe it in the laboratory. At 
the same time, the students can carry 
out a reaction in the laboratory and 
on the basis of their observations write 
the appropriate chemical equation for 
the reaction. In the experiment deal- 
ing with halogens,® the students ob- 
tain experimental evidence which 
used to defend or attack a series of 
statements. One statement which the 
students are asked to consider is: “The 
reaction of phosphoric acid with po- 
tassium iodide is a better method for 
preparing hydrogen iodide than the 
reaction of concentrated sulfuric acid 
with potassium iodide.” By doing each 
of these reactions in the laboratory, 
the students can observe the various 
changes which occur. On the basis of 
these observations, they decide wheth- 
er the statement is justified. If it is 
not, they cite specific experimental 
evidence to prove their point. To do 
this, the student must be familiar with 
the nature of hydrogen iodide, sul- 
furic acid, phosphoric acid, and po- 
tassium iodide as well as with other 
products which might be formed i 
this reaction. Some of the other state- 
ments presented in this experiment 
include: “Bromine is more soluble in 
carbon tetrachloride than in water.” 
“The free energy chang:s of the re- 
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actions of bromide ion with concen- 


chloride 
sulfuric acid 
ion will react 
chloride 


trated sulfuric acid and 
ion with concentrated 
indicate that bromide 
with sulfuric but 
will not react.” 


acid ion 

In the course, considerable attention 
is centered how and why sub- 
stances undergo various chemical re- 


on 


actions. This requires an understand- 
ing of the nature of each of the sub- 


stances present in a given reaction 
system. The students conduct several 
laboratory investigations of this na- 


ture involving different chemical re- 
actions. In one of these, the students 
are given the problem of investigating 
the reaction, of an acid and a metal.? 
Some of the questions which are 
raised with the students include: 
What chemical species are involved 
in the reaction? What is the actual 
role of the acid in this reaction? What 
effect does water have on this reac- 
tion? This problem is approached it 
the laboratory by determining i 
time required to collect a given vol- 
ume of hydrogen obtained by reacting 
a constant weight of acid with a con 
stant weight of metal in the presence 
of varying amounts of water. By us- 
ing these “experimental data, the stu- 
dents can discuss some of the various 
factors which influence the 
of a metal and an acid. 


reaction 


This course is in the nature of an 
experiment and the material here rep- 
resents only a first draft. Experience 
with about 800 students in the nine 


high schools formal 


involved on a 

6. CHEMISTRY, C.B.A.C., Volume II, 
Experiment 13, Chemistry of the Ha- 
logens and Halogen Compounds. 

7. CHEMISTRY, C.B.A.C., Volume II, 
Experiment 17, Rates of Reaction. 
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basis in the program and two college 
and three high schools using 
the material on an informal basis has 
indicated the overall soundness of the 
approach and the direction in which 
the extensive rewriting must take. 


classes 


So far experience seems to bear out 
our expectation that this course, al 
though somewhat demanding, is un 
derstandable and of real interest to the 
average students electing to take 
chemistry in the trial schools. An ex 
amination program is being developed 
to obtain more systematic information 
about what can be achieved by stu 
dents in this course. 


Supplementz iry reading me wteriz al i 


being collected for students and te ch 
ers who wish to go beyond the text. 

The and high schools se- 
lected to take part in this program 
are: 


Arnold E. 


School, 


teachers 


Central 
Arizona. 


Bereit, 
Phoenix, 


High 


Kenneth E. Borst, Leonia High 
School, Leonia, New Jersey. 
James V. DeRose, Chester High 


School, Chester, Pennsylvania. 


Richard L. Miller, Los Angeles 
High School, Los Angeles, Cal. 
Henrietta A. Parker, Shortridge 


High School, Indianapolis, Indiana. 
Robert J. Shewbert, Grant High 
School, Portland, Oregon. 
Wendell H. Taylor, The Lawrence- 
ville School, Lawrenceville, N. J. 
Paul H. M. Westmeyer, University 
High School, Urbana, Illinois. 
Harold V. Wik, Sunset 
School, Beaverton, Oregon. 


High 


Special mention should be made of 
the contribution of Professor Leallyn 
B. Clapp of Brown University to this 
endeavor. Much of the success of the 
project is due to his total preoccupa 
tion with the course during his stay 
at Earlham College during the past 
semester. 


Einstein's Relativity Theory Confirmed 


> Year-Lone Tests, believed the most 
precise yet made, have confirmed pre 
liminary results by the same method 
that Einstein’s special theory of rela 
tivity is correct. 

The experiments showed no meas 
urable variation in frequency of radio 
waves radiated by 
as the 


ammonia molecules 
earth moved around the 
during a year. Einstein’s special theory 
postul: ited that the velocity ol light, 
186,000 miles a second, is independent 


sun 


of its frame or reference or of the 
motion of the light source itself. It 
also applies to radio waves, which 


travel at the speed of light. 
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Results of the experiments, con- 
ducted at Columbia University at the 
suggestion of Nobel Prize winner Dr. 
Charles H. Townes, are reported 
Vature, a British scientific publication. 
His associates found that, at most, less 
than one-thousandth of the earth’s ve- 
locity around the sun could affect the 
speed of light propagation. 

High precision of the tests was pos- 
sible by using two masers. The coined 
word maser “microwave 
amplification by stimulated emission 
of radiation.” Previous experiments 
have confirmed Einstein’s theory but 
not as precisely as the present test. 


stands for 
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New Phthalic Anhydride 
Plant Planned 


> ReicHHoLp CuEmicats, INc. is com- 
pleting engineering plans for the con- 
struction of a new phthalic anhydride 
plant at Newark, Ohio, with 60,000,- 
000 pounds production capacity a 
year. 

Situated on a 70-acre site, which 
was purchased by RCI this past 
spring, the new plant should be in 
production during late 1961. 

In addition, necessary raw materials 
have been guaranteed and secured for 
use in production of phthalic at this 
site. 

The construction of this facility is 
in line with RCI’s current expansion 
program and it brings to four the 
number of company plants producing 
phthalic in the United States. Other 
plants are situated in Detroit; Azusa, 
California, and Elizabeth, N. J. 


Bulletin Prepared on Potassium 
And Sodium-Potassium Alloys 


> Derais on the chemistry, proper- 
ties, and applications of sodium-po- 
tassium alloys (NaK) and potassium 
are provided in a technical bulletin 
prepared by MSA Research Corpora- 
tion, Callery, Pa. 

The eight-page brochure suggests 
numerous applications for sodium- 
potassium alloys, including use as a 
heat exchange fluid in atomic reactors 
or high-temperature processes. Chem- 
ical advantage of NaK are also listed. 


The chemistry of organic deriva- 
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Proudly Peeve ted 


Introducing New Developments and New Literature 
in the Chemical Field 


——— 


tives is outlined with respect to syn- 
thesis, reactions, and yields. Various } 
catalytic and inorganic reactions in- 
volving sodium-potassium or potassi- 
um compounds are also summarized. 


Information is presented on ship- | 


ping, handling, and purity of the two 
materials, which have been produced 
on a tonnage basis by MSA Research 


The bulletin, MSAR 59-120, is 
available on request from the Com- 
mercial Division, MSA Research Cor- 
poration, Callery, Pa. 


Borden Chemical Releases 
Non-toxic Adhesive Data 
> THE AVAILABILITY of a new list of 
approved non-toxic adhesives for food 
packaging applications has been an 
nounced by The Borden Chemical 
Company. The list includes a series of 
resin based emulsion glues specially 
designed for convolute and spiral- 
wound food containers such as used 
for hot and cold beverages, meats, 
condiments, frozen foods, dairy prod- 
ucts, bakery goods, drinking straws, 
folding cartons and paper laminating. 
Food clearance data from indepen- 
dent testing laboratories are available 
upon request. All Borden non-toxic 
adhesives are provided in a wide 
range of setting speeds in ready-to-use 
form. Five gallon trial quantities are 
also being offered. For further in 
formation write Department H, The 
Sorden Chemical Company, 350 Mad 
ison Avenue, New York 17, N. Y. 
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Science Talent Search 
Project Report 


Chemistry of Non-Aqueous Solutions 


by Josepu P. StrALey 


Chapel Hill High School, Chapel Hill, North Carolina 


Joseph Straley, at the age of 18, is a winner of the 
19th Science Talent Search. He hopes, on graduation, 
to study mathematics or chemistry at Harvard, and 
eventually to do pure research in one of these fields. 


Introduction 

> MoperN inorganic chemistry is 
based on a water solvent. All inor 
ganic analysis schemes are based on 
the water solubilities of the 
the element tested for. The purpose 
of this project is (1) to show that the 
water system is not unique, (2) to 


salts of 


discuss the properties of a general 
solvent system, (3) to explore the sol- 
vent system based on ethyl alcohol, 
and (4) to discuss the advantages of 
non-aqueous solution 


The Water System 
The water base is 
chemistry. Its origin 


systems. 


not essential to 
lies in the fact 
that water is available, that it is vir 
tually the only common liquid, and 
that our world has a water-based 
chemistry. The “chemicals” used by 
the early chemist were the common 
substances — anything found in the 
kitchen or around the house and the 
easily obtained minerals, such as salt, 
saltpeter, and vinegar. All of these 
were soluble in water because they 
were part of the world’s water-based 
chemistry: salt had to dissolve in wa 
ter to be used to season soup, and 
saltpeter was found in deposits formed 
by water. Because few of these com 
pounds dissolve in goose-grease, tur 
pentine, the alchemist soon came to 
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believe that water was the only useful 
solvent. Yet water is not the only pos- 
sible solvent, as is demonstrated by 
Experiment 1. 


The General Solvent System 

A solvent system, as referred to 
here, consists of a solvent in which 
three kinds of reactions — synthesis, 
single-displacement, and double-dis- 
placement — can take place and the 
reactions between pairs of reagents. 
Several things are necessary for the 
general solvent system. Compounds 
dissolved must ionize to some extent. 
To meet this requirement the solvent 
itself must be ionizable. This excludes, 
for example, bromine as a solvent un- 
less it assumes the form (Br** ** ***), 

Br -bromine bromide. Curiously, 
this last condition is not desirable: a 
highly ionized solvent would not be 
suitable because the excess of positive 
and negative ions would have unde- 
sirable effects, due to Le Chatalier’s 
principle. Molten sodium hydroxide 
would tend to form sodium com- 
pounds and hydroxides in solution in 
a process analogous to hydrolysis in 
water. This problem is significant 
even in water reactions: some com- 
pounds, such as carbides, hydrides, 
and ethoxides, decompose in water to 
form hydroxides because the com 





































pounds formed by hydrolysis (meth- 
ane, hydrogen gas, and ethyl alcohol) 
ionize even less than water. 

It is necessary to have a number of 
chemicals soluble in the solvent, 
though, of couse, not all of them if 
one intends to have double-displace- 
ment reactions go to completion. 


In a hypothetical solvent of the 
form A*B” any compound having A’ 
ions is considered an acid, and any 
compound having B ions is called 

base.'* In a system using fused 
ammonium carbonate as a_ solvent, 
ammonium chloride is an acid; sodi- 
um carbonate, a base. Processes in the 
general system are largely the same 
as in the water system: desired chem- 
icals are produced and unknown 
chemicals identified by suitable dou- 
ble-displacement reactions. 


The Ethyl Alcohol System 


To test these theses the system of 
ethyl alcohol was investigated. This 
solvent conforms to the criteria pre 
sented for the general solvent system 
in the preceding section, was readily 
available, and was well covered in the 
literature. The proof that the solvent 
meets the necessary requirements is 
amply given by Experiment 1. 

The solvent used here was frequent- 
ly 95% ethyl alcohol or even denatured 
alcohol. The presence of the water 
was found to have no observable ef- 
fects on the experiments. Absolute al- 
cohol was used to verify this fact and 
in experiments where water was un- 
desirable. 


The exploration of the system is 
best summarized by Table 1, which 
is a simple solubilities chart. The fig- 
ures designated by light numerals 
come from the literature * 4° prin- 


cipally the Handbook of Chemistry 
and Physics; those set in bold num- 
erals from personal experimentation, 
Unfortunately, the results so obtained 
did not always correlate with those 
of the Handbook. Some of these dis- 
crepancies can be blamed upon ex- 
perimental error, although this did 
not seem to be the case for magnesium 
and chromium sulfate. There may be | 
some disagreement in the meaning of 
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the term, “soluble.” A substance was 
called soluble when a substantial 
amount of it could be made to stay 
in solution. 

Solubility was tested by several 
methods. When a substance could be 
obtained or prepared in a fairly pure 
state, the solubility was tested by evap- 





oration of a sample of alcohol which 


had been shaken with the compound. 
If a compound imparted a tint to the 
solvent, 
cient proof of solubility. Magnesium 
sulfate, sodium sulfide, chromium sul- 
fate, and aluminum chloride were test- 
ed by this method. 


A large number of the tests were 
conducted by means double-dis- 
placement reactions. Experiment 2 
gives a general outline of the proce- 
dure. 


of 


Advantages and Disadvantages of 
Non-Aqueous Solution Systems 

Two advantages of non-aqueous so- 
lutions suggest themselves immediate- 
ly: some ions could be precipitated 
more easily than in water, and com- 
pounds unstable in water could be 
prepared. 

Sodium, potassium, and ammonium 
salts are precipitable in some systems, 
among them that of ethyl alcohol. The 
qualitative analysis scheme for alcohol 
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TABLE | 
Table of Solubilities in Ethyl Alcohol 


»H,O 








\l S S I — S 
NH, S S I I I 
Ba’ I S l I ] 
Ca I S I S S 
Cr I S S mi I 
Co S S | S S 
Cu I S I S S 
Fe Ss S S — S 
Fe S S o— ‘ia Ss 
Mg S S — S S 
Hg SL.S. I I S I 
Ni I S 1 — S 
k S I I I P 
Na I I I S I 
Zn l S — S S 


GS «¢ we n 
S I S S l l 
I S S S S I 
— I I I S S 
S | S S 1 | 
— | — S | 1-S 
1 1 S S S I 
S l — S I I 
S > w=  @ 1 S 
S l S S S I 
S I S S S S-l 
I I I S-SLS I 1 
| 1 S s l I 
I S S I S I 
S S S S S I 
| l S S l I 
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LIGHT LETTERING — Data from the literature. 
BOLD LETTERING — Conclusions from personal experimentation. 


S - Soluble 


is given in Experiment 3. This par 
ticular experiment is rather interest 
ing for the simplicity of both reagents 
and laboratory procedures involved. 
The advantages of simp'e methods 
of synthesis of water-unstable com- 
pounds are obvious: oxides could be 
as simply prepared in the laboratory 
as sulfides. Metal carbides, hydrides, 
and azides could be made without 
heat or pressure if a solvent could be 
found. These experiments were be 
yond the scope of this study due to 
the fact that, of the oxides and car- 
bides available, there was none which 
would dissolve and which did not 
react with the solvent. Another exper- 
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I - Insoluble 


SLS - Slight Soluble 


iment of this type which was tried 
successtully is the preparation of an 
ethoxide. Sodium ethoxide (CH, 
CH.,ONa) can be prepared by treat 
ing small quantities of sodium metal 
with ethyl alcohol. ° This compound 
is unstable in water, decomposing into 
sodium hydroxide and ethyl alcohol. * 
It is, however, soluble in alcohol, so 
that other ethoxides can be obtained 
easily (Experiment 4). 

The obvious disadvantage of non- 
aqueous chemistry is the difficulty of 
transfer of the dissolved chemicals 
from one solvent to another. The 
problem is more difficult with water 
and alcohol than it is with immiscible 
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solvent pairs. In the latter case an ap 
preciable sample of the dissolved salt 
can be obtained by shaking the solu- 
tion and the new solvent together if 
the solubility in the new solvent is 
fairly high. 


Summary 


Many solvents can be used as a 
medium for chemical reactions. There 
are possible advantages of basing a 
chemistry on a non-aqueous solvent. 
The nature of the general solvent sys 
tem has been discussed, and the find 
ings have been applied to the chem 
istry of alcohol solutions. 


Experiment 1: 
Double-displacement Reactions 
in Alcohol 


Preparation: Alcohol solutions of 
sodium hydroxide and ferric chloride 
are prepared. 

Hypothesis: The sodium hydroxide 
and the ferric chloride will react in 
the alcohol: 

3NaOH + FeCl. — Fe(OH). 

+ 3NaCl | 
The solubilities of the compounds are 
given in the Handbook of Chemistry 
and Physics. * 

Process: The two liquids are mixed 
together. 

Verification of hypothesis: A light- 
colored precipitate results, and the 
liquid remains brown. The precipi- 
tate is washed with alcohol, leaving 
a salty-tasting white crystalline solid, 
sodium chloride. 


Experiment 2: 
Determination of Solubility of 
Zinc Hydroxide 

Preparation: Prepare alcohol solu- 
tions of sodium hydroxide and zinc 
nitrate. 








Known: That sodium hydroxide, 
zinc chloride and sodium nitrate are 
soluble in alcohol (from Table 1). 
Hypothesis: The zinc hydroxide 
prepared 
INaOH + Zn(NOx)» > 2NaNO, | 
+- Zn(OH)» 
will precipitate if it is insoluble in 
alcohol. 
Process: The two liquids are mixed. 
Result: A white precipitate is form- 
ed, from which it is concluded that 
zinc hydroxide is not soluble in al- 
cohol. 


ne 


Experiment 3: 

A Qualitative Analysis Scheme 

for Na’, K’ and NH, 

Given: An alcohol solution contain- 
ing sodium, potassium, and ammon- 
ium ions. 
Procedure: 

A. Precipitate K 
Filter. 

B. Precipitate NH4* with chromic 
acid or ferric chromate. Filter. 

C. Precipitate Na* with sulfuric | 
acid. 


REET 


with nitric acid. 


Experiment 4: 
Preparation of Calcium Ethoxide | 
Preparation: Make solutions of an- 
hydrous calcium nitrate and sodium 
ethoxide in absolute alcohol. 
Hypothesis: Calcium nitrate and 
sodium ethoxide will react: 
Ca(NO;). + 2CH;:CH2ONa —> 
4+ (CH,CH,0O)sCa 
Process: The two liquids are mixed. 
Result: A gummy white precipitate 
of calcium ethoxide is formed. 
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V Chemistry Quiz 


Directions: 


Mark the answer you think is most nearly correct. 


Answers are on page 44. 


At the lowest known temperature 
(almost absolute zero), every ele- 
ment and every compound except 
one is a solid. Which one is it? 


1. helium 
2. hydrogen 
3. nitrogen 


4. oxygen 
B. The term 
refers to 
1. control of chemical reaction 
through electronic computers 
2. designing of nuclear reactors 
3. developing chemical com 
pounds to fit specific needs 
4. developing industrial materials 
from farm crops 


“molecular engineering” 


C. Which one of the following state 
ments is /east true of lithium? 
1. It is a seldom exploited bypro 
duct of aluminum production. 

2. It is useful in metal refining. 
3. It is useful in the preparation 

of special lubricants. 

4. It will float on gasoline. 

D. Yttrium’s advantage in the nuclear 
held is “its relatively low thermo 
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nuclear cross section.” This means 

that 

1. it has less resistance than many 
other materials to the passage 
of neutrons needed to sustain 


a nuclear reaction 


2. it is highly resistant to the 
passage of neutrons 
3. it takes very little of this ma- 


terial to contain an active re- 
actor cell 
4. its melting point is high 
enough to withstand reactor 
temperatures 
E. Which of the following has the 
least in common with the other 


three? 

1. anthracene 
, 

2. ethylene 

3. toluene 

4. xylene 


Complete copies (with answers and 
norms) of many previous Science Tal- 
ent Search examinations are available 
at 15c each from Science Service, 
1719 N St., N.W., Washington 6, 
B.€. 








For the Home Lab 


Benzoic Acid 
a 


> Benzoic acip is best known as a 
preservative. No doubt you have seen 
it or its compounds listed as an in- 
gredient on the labels of many food 
products. It is also used in dyes and 
in the manufacture of other organic 
chemicals. In medicine it functions as 
a fungicide and is particularly help- 
ful in the treatment of Athlete’s Foot 
and other fungus infections. 

Benzoic acid is found in nature in 
most berries, especially cranberries. It 
is excreted in the urine of most ani- 
mals as hippuric acid. Until 1877, 
benzoic acid was obtained from the 
urine of horses and cattle by hydroly- 
sis of the hippuric acid. Fortun: ately, 
synthetic methods of preparation have 
eliminated this crude procedure. It is 
made now by treating molten phthalic 
anhydride w ith steam and cat: ilyst, by 
the hydrolysis of benzotrichloride, or 
by the oxidation of toluene. 


Preparation 


In the home laboratory, the simplest 
method to prepare benzoic acid is by 
the oxidation of benzaldehyde using 
the Cannizzaro Reaction. Of course, 
benzoic acid is more readily obtain- 
able than benzaldehyde so it would 
be more sensible to prepare benzalde- 
hyde from the acid. But, that’s be 
side the point; since this is an article 
on benzoic acid, we must make ben- 
zoic acid. 


First, to success of the ex- 
periment, the benzaldehyde must be 
freshly distilled. Be careful in_ per- 


forming this operation, as benzalde- 


assure 
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hyde tends to bump and spurt when § 
it boils. It might be a good idea to 
add a few glass beads r* an effort to | 
promote smoother boiling. About 7) | 
cc. will be required. 

In another container dissolve 6 
grams of potassium hydroxide in 5 

. of water, heating if necessary. This 
is a strong alkali so be most careful 
not to spill any of it on your skin or 
clothing. Cool the solution and add it 
to the 7 cc. of freshly distilled benzal- 
dehyde in.a small flask. Stopper the 
flask securely with a cork and shake 
the contents vigorously until a smooth 
milk-like emulsion is obtained. Then 
set the flask aside and allow it to | 
stand quietly for about 24 hours. At 
the end of this time a white precipi- 
tate of potassium benzoate will sepa- 
rate out of solution. 


Carefully filter off the precipitate | 
and dissolve it in water. Use as much } 
} 
; 
| 


Le, RE oe 


og 
oS 
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water as necessary to dissolve all of it. 
In another container mix 10 cc. of 
hydrochloric acid with 10 cc. of wa- 
ter and add a small quantity of crack- 
ed ice. Stirring constantly, slowly add 
the potassium benzoate solution to the 
cool hydrochloric acid solution. Ben- 
zoic acid is precipitated. Filter it off 
and dissolve in hot water. On cooling 
the benzoic acid recrystallizes in fine 
white needles. 

In a test tube, add a small quantity 
of finely powdered manganese dioxide 
to a dilute solution of sulfuric acid. 
To this, add about 10 drops of tolu- 
ene. Stopper the tube and shake thor- 
oughly. Remove the stopper and smell 
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Can you detect the al 
mond-like odor of benzaldehyde? 
This is formed as a result of the oxi 
dation of the toluene. Theoretically 
further oxidation should produce ben 
ZOIC However the direct oxida 
tion of toluene to benzoic acid is very 
under home laboratory 


cautiously. 


acid. 
slow condi 
tions. 

Usually, benzyl chloride is used as 
the starting point. This material is 
hydrolyzed to benzyl alcohol and the 
latter oxidized to benzoic acid. 


Reactions 

If you with month, 
you will remember that salicylic acid 
forms phenol when it is heated with 
soda lime. In a similar manner, ben 
zene can be prepared from benzoic 
acid. In a hard dry test tube (Pyrex), 
place equal quantities of benzoic acid 
and soda-lime. Heat, gradually at first, 
and ending up quite strongly. Smell 
cautiously at the mouth of the tube. 
You should be able to detect the odor 

benzene. If you do not have soda 
lime, substitute equal quantities of 
sodium hydroxide and calcium oxide 
instead. 


were us last 


Add a solution of ferric chloride to 








a solution of benzoic acid. A buff col 
ored precipitate is obtained. Since ben- 
ZOIC acid and salicylic acid are similar 
this test can be used to 
tell them apart. Ferric chloride added 
to salicylic acid forms a violet color- 
(again, from last month). 


appears ince, 


ation, 


As a confirmation test, you can con- 
vert the benzoic into salicylic; 
then test for the violet coloration. Add 
3 drops of dilute ferric chloride solu- 


acid 


tion, 3 drops of ferrous sulfate solu- 
tion and 3 drops of hydrogen peroxide 
benzoic acid solution. 


Watch fer the violet color to form. 


to 5 cc. of 

For a variety on the above test, sub 
stitute boric acid solution (5%) for the 
ferrous sulfate. This time a blue color 
dev elops. 


As you should have deduced by 
now, benzoic acid is more soluble in 
hot water than in cold. In fact, its 


solubility increases as the temperature 
of the water increases. 
ble in alcohol. 


It is very solu 


When heated, the crystals melt and 
the vapor sublimes in the upper cool- 
er part of the tube. The vapor is irri- 
tating and will cause coughing if in 
haled. 


Glycols for Aerosols 


> Gtycots, glycol-ethers, and poly 
glycols show promise as solvents for 
pharmaceuticals in aerosol formula 
tions, particularly as substitutes for 
ethyl alcohol which sometimes causes 
an undesirable cooling effect or irri- 
tating in skin applications. 

Logical applications, Dr. P. A. San 
ders of Du Pont’s “Freon” Products 
Laboratory told the Chemical Special 
Manufacturers’ Association, 
topical anesthetics, antiseptics, 


ties are 


burn 
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preparations, antibiotic preparations, 
and similar products for external ap- 
plication. The glycols, because of their 
relatively low toxicity, also should be 
useful in formulation of cosmetic 
items, he said. 

Several dozen of the glycols or gly- 
col derivatives have been studied in 
Du service laboratory 
and results are available to the pres 
sure packaging industry in a new Du 
Pont technical bulletin. Of particular 


Pont’s aerosol 





















importance are the data on solubility 
of the glycols in fluorinated hydro- 
carbon propellents which will aid aer- 
osol packagers in formulating prod- 
ucts containing glycols. 











Because many of the pharmaceuti- 
cal ingredients are insoluble in fluor- 
inated hydrocarbons, such as “Freon” 
propellents, it has been necessary in 
the past either to formulate pharma- 
ceutical aerosols as powder sprays or 
use cosolvents, explained Dr. Sanders. 
Ethyl alcohol generally has been used 
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OPINION 
POLLS 


as a cosolvent because it not only is 
completely miscible with the “Freon” 
propellents but also has adequate sol- 
vent powers for the pharmaceutical 


ingredients. 


Tests conducted so far in Du Pont’s 
laboratories indicate many of the gly- 
cols are sufhciently good solvents to 
be substituted for the ethyl alcohol in 
aerosol formulations or added to ethyl 
alcohol in sufficient proportion to re- 
duce the alcohol’s undesirable chilling 


or irritating effects. 


INC. 


> “IN THE TEEN-AGE sURVEY, 12 were doing homework, 14 were playing records 
and one was fiddling with a chemistry set!” 
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Apparatus Article 


The Clinical Gas Partitioner 


> SIX MINUTES is sufficient time to 
determine the carbon dioxide, oxygen 
and nitrogen in blood, serum or res- 
piratory gases, using a Fisher Clinical 
Gas Partitioner. 

This new instrument from the Fish- 
er Development Laboratories is con- 
sidered to be one of the most impor- 
tant advances in clinical and physio 
logical gas analysis since the Van 
Slyke technique was introduced a gen 
eration ago. 

The advantages of the Clinical Gas 
Partitioner are these: 
¢ It takes less than a quarter the time 
of a Van Slyke analysis for the same 
three gases. 
¢ It uses only 0.1 ml of blood or ser- 
um, a tenth of the usual sample for 
a Van Slyke analysis. This small sam 
ple size is especially important in 
work with children or small animals. 
A l-ml sample is adequate with res- 
piratory gases. 
¢ Results are reproducible and corre 
late well with Van Slyke analyses. 
Carbon dioxide in serum can be mea 
sured with a reproducibility of +1%; 
blood gases to +1.5% or better. By 
using a special gas sampling valve, 
respiratory gases can be analyzed with 
a reproducibility of +0.2%. 
© The analysis is automatic. Once the 
operator injects a blood sample into 
the reaction chamber, the Clinical 
Partitioner automatically extracts the 
dissolved and combined gases, sepa- 
rates them, and measures the amount 
of each component in the mixture. 
There is none of the continual mani 
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pulation of stopcocks and leveling 
bulbs that makes a Van Slyke analysis 
so time-consuming and tedious. 

© A permanent record of each analy- 
sis is obtained. The Partitioner is used 
with a strip-chart recorder (not sup- 
plied) that plots a chromatogram for 
each sample. Each “peak” on the chart 
is produced by a different gas, and the 
area under the peak is proportional to 
the amount of that gas in the sample. 
® Other gases can be determined. Car- 
bon monoxide gives a peak immedi- 
ately after carbon dioxide. Carbon di- 
oxide and oxygen content and capaci- 
ty can both be measured, depending 
on the way the sample is handled. 
Simple modifications in the chroma- 
tographic system enable you to get 
carbon dioxide in 2 minutes, and to 
analyze for ether and other anesthetics. 


Gas Chromatography 

The Clinical Gas Partitioner per- 
forms its rapid, accurate analyses by 
the relatively new process known as 
gas chromatography. This is analo- 
gous to the column chromatography 
that has been so valuable an aid in 
all branches of biological and biochem 
ical analysis, in which a solvent is 
used to carry the sample through a 
column filled with some fine inert 
powder such as diatomaceous earth. 
In gas chromatography, an inert car 
rier gas replaces the solvent. In both 
cases, molecules of different kinds 
move through the column at different 
rates, so that the sample is broken up 
into its components, each leaving the 
column at a different time. 





> Tue Cuinicat Gas Partitioner requires only a tenth of the sample and a 
quarter of the time of the traditional Van Slyke blood gas analysis. It gives a 
permanent record (on the right), and its results correlate well with those of 
the traditional method. 


If the flow-rate of the carrier gas, 
dimensions of the column, and other 
variables are kept constant, the order 
in which gases emerge from the chro 
matographic column can be used to 
identify them. A suitable detector 


measures each component as it ap- 


pears. 
The Clinical 


chromatographic columns in series, 


Partitioner uses two 
with a detector at the exhaust of each 
The first 


carbon dioxide from the sample mix 


column. column removes 


ture and holds it until oxygen and ni 


trogen have been separated and ex 


40 


hausted. The second column separates 
the oxygen and nitrogen. 


Special Reaction Chamber 
Automatic determination of the 
gases in blood and serum is made pos 


sible by the reaction chamber. 


Helium carrier gas enters the bot 
tom of the chamber and passes 
through a porous Teflon disc into the 
upper section, into which the reaction 
chemicals (similar to those for Van 
Slyke analyses) and the blood or ser 
um sample have been injected through 
a self-sealing serum cap. A magnetic 
stirrer agitates the mixture at a con 
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stant rate. The rising helium, dis 
persed by the Teflon disc, flushes the 
extracted gases out of the reaction 
mixture and carries them into the 
chromatographic system. The Parti- 
tioner’s reaction chamber holds chem- 
icals enough for 6 to 8 blood or serum 
samples. 

The Fisher Clinical Gas Partitioner 
is compact, 18” long, 13” front-to- 


back, and 7*4” high, with a Formica- 
laminated wood top and base that 
help insulate the instrument from lo- 
cal temperature changes. The instru 
ment operates from 115-volt 50-60 
cycle a-c. 

Further information may be ob- 
tained by writing to Fisher Scientific 
Co., 334 Fisher Building, Pittsburgh 


> THE cHROMATOGRAM shows clear proof of poisoning by carbon monoxide in 
the blood sample. The volume contained under each peak is proportional to 
the amount of the corresponding gas. 
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Another In Series on 
Chemical Organizations 


American Rocket Society 


> Tue American Rocket Society is 
the largest organization devoted solely 
to the advancement of the field 

astronautics and related sciences. ARS 
now numbers over 14,000 members, 
a growth of more than sixfold in five 
years, making it one of the most ra- 
pidly growing professional engineer- 
ing societies in the United States. 

In with the Society’s 
purpose to promote the sciences of 
rocketry and space flight, it has in its 
29-year history led the effort to ob- 
tain for this country a superior space 
program. In two instances in particu- 
lar ARS programs led directly to ac- 
tion by the government in the space 
field. 


In November, 1954, the ARS Space 
Flight Committee, headed by Milton 
Rosen, presented a proposal to the 
National Science Foundation calling 
for the Foundation to sponsor a study 
of the utility of an unmanned earth- 
satellite vehicle. This proposal was one 
of the factors which, months 
later, led to the announcement by 
President Eisenhower that the U. S. 
would launch a satellite in the course 
of the International Geophysical Year. 


accordance 


a few 


In October, 1957, ARS submitted to 
President Eisenhower a full-scale _re- 
port calling for immediate initiation 
of a long-term national space flight 
program to be administered by a new 
independent government agency with 
broad powers in this area. The report, 
drawn up before the Sputnik I launch- 
ing by the ARS Space Flight Commit- 
tee, headed by Krafft Ehricke of 
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Convair-Astronautics, and including 
many of this country’s top astronau- 


tical engineers and scientists, led to 
the establishment of the National 
Aeronautics and Space Administra- 


tion, the nation’s present civilian space h 
agency. 
Publications 

The Society, which is comprised of \ 
and dedicated to astronautical scien 
tists and engineers, carries out its ob- 
jectives principally through the dis 
semination of information in its two 
publications, Astronautics and ARS 


Journal, and through its technical J 
meetings, numbering over 400 per 

year on both a local and national level. | 
™ ' 


Astronautics covers topics of broad 
industry interest, written to keep the 
specialist in one area abreast of de- 
velopments in other areas that affect ¢ 
his specialty. It also carries general 
industry news including contract 
awards, personnel news, patents and 
new product announcements. 


ARS lournal is a more technical 


publication covering in detail research ] 
and development work of particular ' 


interest to the specialist, keeping him 
up to date on the latest work being 
done in his field. Starting in the fall 
of 1959, ARS, under the sponsorship 
of the National Science Foundation, 
printed a quarterly supplement of 





































translations of articles appes aring in | 


Russian technical journals on the lat 
est results of research in the USSR 
in the field of astronautics which pre 
viously had been unavailable in Eng 


lish. 
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Meetings 

The technical meetings fall into two 
categories — the large national meet- 
ings and the smaller specialist confer 
ences. The Society holds two major 
meetings a year, the annual and the 
semi-annual meetings. At these two, 
all the astronautics disciplines are rep- 


resented so that at one meeting, the 
scientist and engineer can hear not 
only of late developments in his par- 


ticular area, but also acquaint himself 
with the state of the art of allied fields. 
The specialist conferences, on the oth 
er hand, devote themselves to a more 
exhaustive study of a specialized seg- 
ment of astronautics drawing upon 
that part of the membership working 
in that field. 

Behind the programs of these meet- 
ings and contributing to the quality 
of material carried by the two publi 
are 22 technical committees 
which solicit, screen and program ma- 
terial for presentation. These technical 
committees, covering specialties from 
astrodynamics to underwater propul- 
sion, are headed by scientists and en- 
gineers prominent in the specialty and 
supported by committee members also 
distinguished in the field, providing 
the highest quality panel for selecting 
material most appropriate for presen- 
tation to the membership. The Society 
also makes seven awards annually to 
people who distinguished themselves 
in various fields of astronautics. 


cations 


In addition, the membership is or 
ganized into 51 sections in their home 
communities, which meet on the av 
erage of once a month. These meet- 
ings give members a chance to get 
together on a social basis to exchange 
views and ideas, in addition to giving 
them an opportunity to participate in 
held trips to places of interest to their 
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work and to hear outstanding lectur- 
ers in their fields. 

Similarly, the Society has 35 student 
chapters formed at universities and 
colleges throughout the country which 
organize students studying in the field 
in groups to encourage and augment 
their work and to give them contact 
with scientists and engineers working 
in the field. 


History 

Though most recognition has been 
given to the Society in the post Sput- 
nik era, it was organized on April 4, 
1930, by a group of 11 men and one 
woman, primarily science fiction writ- 
ers, for the purpose of promoting in- 
terest in space flight. Of the original 
dozen only one man, Dr. G. Edward 
Pendray, is still a member of the So- 
ciety, but the organization spawned 
by this group has continued to grow. 

The founders originally named the 
group the American Interplanetary 
Society but changed its name to the 
present one in 1934 because, as the 
editor of Astronautics explained at the 
time, “In the opinion of many mem- 
bers, adoption of the more conserva- 
tive name, while in no way implying 
that we have abandoned the inter 
planetary idea, will attract able mem- 
bers repelled by the present name.” 

In June of 1930, the group printed 
its first publication, at first in mimeo- 
graph form, titled The Bulletin, and 
subsequently retitled Astronautics, 
then The Journal of the American 
Rocket Society, Jet Propulsion and 
now ARS Journal. In August, 1957, 
the Society began publication of its 
second magazine Astronautics. 

In 1931, inspired by a trip by Dr. 
Pendray to Europe on which he talk- 
ed with leading European scientists 













































working with rockets, the Society 
formed an Experimental Committee 
with Dr. Pendray as chairman. This 
group designed the first ARS rocket, 
consisting of two parallel cylindrical 
tanks of standard aluminum piping, 
each 51% feet long and 2 in. in di- 
ameter. They were held at the top by 
a frame piece which supported the 
motor and its cooling jacket, turn-on 
valves that could be operated elec- 
trically from a distance, and a cone- 
shaped nose piece containing a para- 
chute. At the rear of the rocket were 
large sheet-aluminum fixed vanes for 
guiding in vertical flight. The fuels 
were gasoline and liquid oxygen. 

The rocket received its first burn- 
ing test on November 12, 1932 on a 
farm near Stockton, N. J., and though 
it performed as desired it was acci- 
dentally damaged in testing and there- 
fore never flight tested. 

A streamlined version of the rocket, 
dubbed ARS rocket No. 2, was shot 
in a field at Marine Park, Great Kills, 
Staten Island, N. Y., on May 14, 1933. 
It reached an altitude of about 250 
feet, after firing about two seconds 
and was still going when a stuck valve 
caused the oxygen tank to explode. 
This firing was followed by two sub- 
sequent ones in September of 1934. 

The Society then began a series of 
proving stand tests, which, though 
dogged with difficulties, resulted in 
the development by James Wyld of his 
regenerative motor which subsequent- 
ly was the basis for the organization 
of Reaction Motors, Inc. in New Jer- 
sey. 





a ia : ' 
The Society continued to grow] 


through the early forties, but it was 
still too small and localized, it was 
felt, to organize national meetings on? 
its own, so in November of 1945 an 

agreement was reached with the 

American Society of Mechanical En- 

gineers under which the Society re- } 
ceived more adequate office space and | 

held its national meetings in connec 

tion with those of the ASME. How. ? 
ever, as the Society grew, its meetings | 
became too large to be merely an ad. | 

junct of another meeting and begin- 
ning with the 1958 Annual Meeting, 
ARS held its national meetings sepa- 
rately. 


In August, 1955, the Society moved | 
to 500 Fifth Avenue, from the one- 
room office it had occupied for sev- 
eral years in the Engineering Societies 
Building, 29 W. 39th St., New York. 

Although the Society in its infant 
days engaged in experimentation, it 
became obvious after the war that 
rocket development was of such gi- 
gantic scope that it was beyond the | 
abilities of a professional society. The 
Society holds that amateur experi- 
mentation is extremely hazardous and 
has taken a strong stand against any 
rocket experimentation outside of 
military or government or industry fa- 
cilities. Its sections now are actively 
working to divert the interest, and 
energies devoted to amateur experi- 
mentation to activities more fruitful 
to the development of astronautical 
specialists and less harmful to eyes, 
arms and lives of the participants. 
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New Chemical Patents 


To obtain copies of these new patents, order them by 
number from the Commissioner of Patents, Washing- 
ton 25, D. C. Enclose 25 cents in coin, money order 
or Patent Office Coupons (but not stamps) for each 


patent ordered. 


Food Preserved by Radiation 


> ProceeDING from the assumption 
that storage life of foods can be in- 
creased several hundred times by in- 
hibiting bacterial and mold growth 
using a combination of refrigeration 
and prolonged exposure to low-inten- 
sity radiation, Edgar S. Stoddard of 
Berwyn, Ill., has invented a food ir- 
radiating process whose patent rights 
he has assigned to the General Elec 
tric Company. 

The process, for which he received 
patent No. 2,920,969, calls for sub 
jecting food to pericdic small-dosage 
irradiation in a combination retriger- 
ated food storage and irradiation 
chamber. It aims at prolonging the 
storage life of foodstuffs, such as chop 
ped meat, fresh vegetables and fruit, 
for a matter of several weeks. 


Electrolytic Protection for Ships 

> THE sUBMERGED metal parts of ships 
may be protected against corrosion by 
an electrolytic device. 

Ernst Vossnack and Jan Hendrick 
Visscher, of The Netherlands, have 
been awarded patent No. 2,916,429 
for this device whereby the ship’s skin 
is protected by means of a D.C. cur- 
rent, the negative electrode of which 
is connected to the ship's skin, while 
the positive electrode is submerged 
and electrically insulated from the 
ship. Patent rights were assigned to 
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Koninklijke Rottesdamsche Lloyd N. 
V. of Rotterdam. 


Similar devices are already known, 
but suffer from two main disadvan- 
tages. The positive electrodes are fit 
ted to the ship below the water-line, 
and thus the ship has to be docked 
tor fitting and serv icing, and also the 
field formed in the water is not suf- 
ficiently uniform. 

In this case the positive electrode 
of a number of wires, or 
bundles of wires, of aluminum which 
are trailed behind the ship. Thin wires 
are used so that, should the wires be- 
come entangled with the screw, they 
will break easily and thus not dam- 
age the screw. The trivalency of alum- 
inum ensures that the weight loss 
from the wire will be minimized. 
Such an arrangement is found to pro 
vide a uniform held around the ship. 


consists 


Vaporization Cools Missiles 

> AN EVAPORATIVE cooling system for 
aircraft and missiles traveling at super- 
sonic speeds incorporates the coolant 
distribution within regular insulating 
material. Heat is removed by vaporti- 
zation and by contact of the escaping 
and relatively cool vapor with adja 
cent heated areas. Inventors David W. 
Fox Hyattsville and Robert M. 
Rivello of Silver Spring, Md., assign 
ed rights to patent No. 2,922,291 
the U. S. Navy. 
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Deuterium Separated 


> For soME YEARS various methods 
have been used to extract heavy wa- 
ter, D,O or HDO, from natural wa- 
ter, or else heavy hydrogen or deu- 
terium from hydrogen. These have 
mostly been cumbersome and expen- 
sive, since natural sources are only 
about 0.015% rich in deuterium. 


Patent No. 2,908,554 has been 
granted to Jan Hoogschagen, of The 
Netherlands, for his improved deu- 
terium recovery process. He assigned 
patent rights to Stamicarbon N. V. of 
Heeoten, Netherlands. 


Mr. Hoogschagen’s method involves 
the catalytic transfer of Dy from wa- 
ter to hydrogen in a counter-current 
system, coupled with low temperature 
rectifacation of the enriched hydrogen. 


Vitamin B-12 Retained 

> A piFFICULTY in vitamin B-12 ther- 
apy is keeping the vitamin in the 
blood for extended periods of time. 
When injected into the blood stream, 
the vitamin rapidly reaches such a 
high blood concentration that it is 


eliminated in the urine within about 
24 hours. 


Robert E. Thompson of Momence, 
Ill., has discovered a vitamin B-12 
preparation that can be retained in 
the blood for up to two weeks with- 
out reaching the degree of concentra- 
tion that would cause it to be excreted 
in a patient’s urine. 


His preparation, for which he re 
ceived patent No. 2,920,015, comprises 
a vitamin B-12 active substance ip 
combination with zinc and tannie 
acid. Patent rights were assigned te 
Armour and Company, Chicago. 


Method Purifies Old Auto Oil 


> Dirty om from automobile crank 
cases may be purified to usable oil at 
a commercially feasible cost by a new. 
ly patented process. 

Dirty crank case oil contains many 
impurities, such as lint, dust, water§ 
and metal filings. Lack of an eco 
nomical method of purifying this oil 
has resulted in most of it being dis- 
carded. . 

George Kostyreff of New York City 
has devised a process whereby this 
purification can be done so inexpen- 
sively “that it is now commercially 
practicable.” He claims the resulting 
usable oil has properties at least equal 
to the properties of the original oil 
before it has been used. 

Mr. Kostyreff’s method, for which 
he received patent No. 2,922,758, con- 
sists essentially in dehydrating the 
used oil by evaporation, treating the 
dehydrated oil with sulfuric acid, and 
separating the sludge from the clear 
oil. The clear oil is next treated with 
an adsorbent with heating and steam. 
It is then filtered, and deodorized if 
necessary, to result in a pure oil that 
may be reused “for all purposes for 
which the original could be used.” 


FREE — Miniature chemical elements chart listing 102 elements in Eng- 
lish, French, German, Russian; physical constants, discovery, occurrence, 


preparation, uses. 


— Send stamped, self-addressed envelope to 315 South Lancaster, Mass. - 
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ApvANCES IN ProTEIn CHEMISTRY— 
Vol. XIV — C. B. Anfinsen, Jr., and 
Hothers, Eds. — Academic, 520 p., il- 
dlus., $14. Seven reviews on such sub- 


jects as the specificity of protein bio- 


synthesis, and sulfur chemistry of pro- 
teins. 


Lipiwok Cuemistry — Donald J. 
Hanahan, Frank R. N. Gurd and Irv- 
ing Zabin — Wiley, 330 p., $10. Ex- 
amines and evaluates progress made 
during the last ten years. 


ANIMAL-GLUE TESTING FOR PAPER 
Sizinc — P. B. Davidson and H. B. 
Bodenhagen — Mellon Institute, \4 
p., illus., paper, free upon request di- 
rect to publisher, 4400 5th Ave., Pitts- 
burgh 13, Pa. 


Cuemicat Macic: Mystery Demon- 
strations for Science Clubs, Classes, 
and General Entertainment Programs 
— Leonard A. Ford — Denison, 141 
p., illus., $3.50. Directions for more 
than 100 chemical tricks. 


Pook (cuidate 





THe Nartvuri 
Bonp and the Structure of Molecules 
and Crystals: An Introduction to 


THE CHEMICAL 


OF 


Modern Structural Chemistry — Lin- 
us Pauling — Cornell Univ. Press, 


3rd ed., illus., $8.85. Revision includes 
treatment of the electronic structure 
of atoms, atomic energy levels, elec- 
tron spin, the Pauli exclusion princi- 
ple, and the magnetic moments , of 
atoms. 


Vacency: Classical and Modern — 

W. G. Palmer — Cambridge Univ. 
Press, 2nd ed., 244 p., $5.50. Deals 
both with the old-established concepts 
of chemical valency and with the 
modern electronic theories. 
Tue Founpations oF CHEMICAL 
Kinetics — Sidney W. Benson — 
McGraw, 703 p., $13.50. Broad sur- 
vey of the field of kinetics at senior 
and graduate level, emphasizing the 
kinetics of gas reactions. 


On the Back Cover 


> Our Back Cover shows, in model form, an ingenious time-saver for deep 
mine shaft sinking which is being built for use by the Canadian subsidiary of 
International Minerals & Chemical Corporation to complete a 3,000-foot shaft 
at its potash mine project in Saskatchewan, Canada. The mobile “triple-deck- 
er” arrangement allows simultaneous activity at three levels in the main phases 
of shaft sinking, mucking or digging, preparation of concrete forms, and the 
pouring and finishing of the concrete shaft lining, and can make sinking three 
times faster. The entire unit, including the mechanical diggers, moves up and 
down the shaft. This is the first use of this triple-decker principle in the West- 
ern Hemisphere. Similar operations have been employed with great success 
in deep-shaft sinking for South African mines. The IMC mine, near Esterhazy 
in eastern Saskatchewan, will produce from the world’s greatest known reserve 


of high grade potash ore. 








